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1.  Purpose .  This  manual  provides  guidance  and  criteria  for  hydrologic 
analysis  of  interior  areas.  An  interior  area  is  defined  as  the  area 
protected  from  direct  riverine,  lake,  or  tidal  flooding  by  levees,  floodwalls 
or  sea%(alls  and  low  depressions  or  natural  sinks. 

2.  Applicability.  This  manual  is  applicable  to  all  Civil  Works  field 
operating  activities  concerned  with  planning  and  design  of  interior  flood 
control  systems. 

3.  General .  This  manual  provides  information  of  interest  to  planners  and 
designers  of  interior  systems  involving  flood  loss  reduction  measures  and 
actions.  Interior  area  investigations  are  differentiated  from  other  studies 
only  by  the  uniqueness  of  the  hydrologic  analysis  requirements  for  the  flood 
loss  reduction  measures  connonly  studied.  Interior  area  planning  studies  are 
an  essential  aspect  of  feasibility  studies.  Although  facilities  and  costs 
may  at  times  be  small  components  of  a  major  line-of -protection  project,  the 
elements  are  often  major  items  in  the  negotiated  local  sponsor  agreements  and 
can  represent  a  significant  proportion  of  local  costs. 
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CKAPtSa  1 
IBTRODUCTIOH 


1-1.  Purposa  and  Scdoa, 

Th«  purpose  of  this  docuasnt  is  to  provide  guidanee  in  hydrologic 
analysis  of  interior  areas  for  planning  and  design  investigations.  The 
document  was  developed  to  satisfy  needs  expressed  by  Corps  of  Engineers  field 
offices  for  procedural  and  technical  guidance  in  performing  hydrologic 
assessments  of  interior  areas. 

1-2.  Interior  Systems, 

a.  An  interior  area  is  defined  as  the  area  protected  from  direct 
riverine*  lake*  or  tidal  flooding  by  levees*  floodwalls  or  seawalls  and  low 
depressions  or  natural  sinks.  Figure  1.1  is  a  conceptual  illustration  of  an 
interior  area  and  attendant  physical  works.  The  levee  or  wall  associated 
with  w  interior  area  is  generally  referred  to  as  the  line-of-protection. 

The  line-of'-protection  excludes  flood  water  originating  from  the  exterior  but 
normally  does  not  directly  alleviate  flooding  that  may  subsequently  occur 
from  interior  runoff.  In  fact*  the  line-of-protection  often  aggravates  the 
problM  of  interior  flooding  by  blocking  drainage  outlets.  Protected 
interior  areas*  formerly  flooded  from  the  river  (lake  or  coastal  area)  by 
slowly  rising  flood  waters  generated  from  regional  storms,  may  now  be  subject 
to  flooding  from  events  that  are  more  localized*  occur  more  suddenly,  and 
provide  less  prior  warning.  The  flooding  may  be  aggravated  by  coincident 
high  river,  lake*  or  coastal  stages.  The  interior  flooding  that  results  may 
be  of  the  nuisance  variety  (shallow,  temporary  flooding)  but  can  be  in  an 
extreme  case  as  dangerous  (or  more  so)  as  the  situation  without  the  Levee. 

b.  Interior  flood  waters  are  normally  passed  through  the  line-of- 
protection  by  gravity  outlets  when  the  interior  water  levels  are  higher  than 
water  levels  of  the  exterior  (gravity  conditions).  The  flood  waters  are 
stored  and/or  diverted  and  pumped  over  or  through  the  line-of— protection  when 
exterior  stages  are  higher  than  that  of  the  interior  (blocked  gravity 
conditions).  Gravity  outlets*  pumping  stations*  interior  detention  storage 
basins,  diversions  and  pressure  conduits  are  primary  measures  used  to  reduce 
flood  losses  within  interior  areas.  Other  structural  and  nonstructural 
measures*  such  as  reservoirs*  channels*  flood  proofing,  relocations, 
regulatory  policies,  and  flood  warning-emergency  preparedness  actions,  toay 
also  be  integral  elements  of  interior  flood  loss  reduction  systems. 

e.  Interior  areas  are  studied  to  determine  the  specific  nature  of 
flooding  and  to  formulate  alternatives  that  enhance  the  national  economy,  and 
secondarily  enhance  the  environment,  social  well  being,  and  regional 
development.  The  selected  plan  for  implementation  is  the  one  that  best  meets 
these  objectives. 
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WAVE 


FIGURE  1,1  Schematic  of  Interior  System 

1-2 


EM  1110-2-1413 
15  Jan  87 

d.  Hydrologic  analysis  of  interior  areas  is  eooplax  baeause  of  interior 
flooding  eonbinad  with  uncertainty  of  stages  on  the  exterior  side  of  the 
line-ef -protection.  The  investigation  is  often  difficult.  Secords  tuy  be 
scant  or  nonexiatant,  land  use  (and  thus  runoff)  may  have  changed  from  the 
past  and  is  often  continuing  to  change,  natural  drainage  paths  have  been 
altered,  and  coincident  flooding  (a  tschnically  complex  subject)  is  the 
common  situation.  Areas 'are  generally  small  (less  than  10  mi^  though  some 
are  much  larger)  and  the  measures  that  should  be  considered  are  numerous. 

e.  Interior  area  investigations  are  differentiated  from  other  studies 
only  by  hydrologic  analysis  factors  and  the  uniqueness  of  commonly 

i^i lamented  flood  loss  reduction  measures,  the  study  process  and  types  of 
studies  conducted  to  plan  and  design  flood  loss  reduction  actions  are 
identical  to  those  of  other  Investigations,  these  studies  include  planning 
investigations,  survey  reports,  and  other  forms  of  feasibility  studies, 
design  studies  (General  and  Feature  Design  Memoranda),  and  similar  studies 
for  small  projects  under  continuing  authorities.  Analysis  of  interior  areas 
is  relevant  to  formulation  and  evaluation  procedures,  level  of  protection 
considerations,  and  hydrologic,  economic,  environmental,  and  social 
assessment  criteria  as  established  by  present  federal  planning  and  design 
policies  and  regulations. 

f.  Interior  area  planning  studies  are  an  essential  aspect  of 
feasibility  studies.  Although  facilities  and  costs  may  at  times  be  small 
cosponents  of  a  major  line-o£-proteetion  project,  the  elements  are  often 
major  items  in  the  negotiated  local  sponsor  agreements  and  can  represent  a 
significant  proportion  of  local  costs. 

1-3.  Interdiseiplinarv  Study  Requirements. 

a.  the  present  precept  of  planning  is  that  it  be  conducted  by  an 
interdisciplinary  group  performing  their  studies  in  an  open  public 
participation  environment.  Corps  guidance  states: 

’’An  interdisciplinary  approach  is  to  be  used  in  planning  to  ensure  the 

integrated  use  of  natural  and  social  sciences  ...”  (Reference  7). 


b.  The  hydrologic  engineer  is  a  participating  member  of  an 
interdisciplinary  study  team  that  typically  includes  representatives  from 
economic,  environmental,  social,  and  engineering  disciplines.  The  study  is 
normally  coordinated  by  a  study  manager  who  is  also  a  team  member.  Continued 
interface  with  these  and  other  participants  is  required  since  results  oust  be 
compatible  with  needs  for  performing  flood  damage,  cost,  environmental, 
social,  and  other  assessments.  An  important  early  task  for  the  team  is  to 
tailor  the  investigation  to  the  problems  and  needs  of  the  study  area  under 
investigation.  Important  issues,  concerns,  and  study  conduct  will  be  defined 
and  a  procedure  for  continuing  coordination  among  participants  will  be 
prepared  and  adapted.  Integration  of  hydrologic  information  with  this  range 
of  interdisciplinary  study  requirements  reflects  the  importance  of  developing 
reliable  study  estimates.  Hydrologic  strategies  and  analysis  procedures 
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davalopad  ar«  dapandant  to  a  lars*  dagraa  on  thasa  study  raquiraaants. 
thara£ora«  elosa  coordination  and  continuous  coanunication  with  other 
disciplines  is  essential «  from  the  initiation  of  the  study  through  final 
dacisioos.  the  hydrologic  engineer  is  rasponsibla  for  participating  (taking 
tha  initiative  if  necessary)  in  needed  study  coordination  for  activities  that 
are  related  to  hydrologic  engineering. 

1-4.  Oraanisatien  of  Manual.  This  aanusl  is  designed  to  provide  guidance  for 
hydrologic  studies  associated  with  the  planning  and  design  of  flood  loss 
reduction  asasures  for  intarior  areas.  Enphasis  is  on  the  interface  of 
hydrologic  studies  with  olsaants  involved  in  planning  investigations.  Most 
hydrologic  studies  are  conducted  to  provide  technical  data  for  foroulating 
and  evaluating  solutions  to  flooding  probleas.  Tho  aanual  sets  forth 
pertinent  requirsaents  and  defines  tha  eonasnsurata  hydrologic  study  needs. 

It  provides  chapters  on:  a  description  of  the  general  study  process, 
progressing  froa  fsasibility  through  featuro  design  investigations;  an 
outline  of  basic  hydrologic  assuaptions  and  strategies  for  performing  the 
studies;  and  a  dsscrlption  of  available  hydrologic  analysis  procedures  for 
assessi^  intarior  areas.  Subsequent  chapters  describe  relevant  aspects  of 
potential  flood  loss  reduction  measures,  give  an  overview  of  special  topics 
and  issues,  and  outline  reporting  requirements.  Appendixes  include: 
references  and  selected  exaaiples.  A  glossary  of  terms  is  also  provided. 
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CHAPTER  2 

PUmiiG  AMD  OESIGS  STUDY  PROCESS 


2-1.  Ganaeal. 

a.  Planning  and  dasign  studias  assoeiatad  with  intarior  areas  are 
eonduetad  using  the  saaa  study  raquiraswnts  as  other  Corps  investigations. 
Analysis  procedures  nust  assure  that: 

"Studies  shall  be  conducted  in  accordance  with  all  applicable  laws, 
policies,  and  planning  guidelines.  In  particular  the  district  coraoander 
shall  assure  that  .  .  .  the  raquirasMnts  and  intent  of  NEPA*  are  made  an 
integral  part  of  the  planning  process"  (Reference  5). 

*  Rational  Environmental  Policy  Act 


b.  This  chapter  presents  an  overview  of  the  planning  and  designing 
study  procsss,  and  describes  specific  study  considerations  for  interior 
areas.  Subsequent  chapters  utilize  this  information  in  describing  hydrologic 
study  strategies  and  analytical  procedures. 

2-2 .  Study  Process. 

a.  Feasibility  studies  span  investigative  actions  from  initiation  of  a 
study  through  formulation  and  evaluation  of  alternatives,  to  selection  and 
reconmendation  of  a  plan  for  authorization  and  implementation.  Design 
studies  refine  and  detail  the  functional  components  and  aspects  of  the 
authorized  plan  to  better  accomplish  authorized  purposes. 

b.  Feasibility  studies  are  performed  to  select  appropriate  action  to 
solve  a  water  resource  problem  and  determine  if  it  should  be  recommended  for 
congressional  authorization.  Objectives  of  feasibility  studies  are  to 
formulate  a  broad  range  of  alternatives  and  to  identify  and  reconmend  the 
best  plan  to  solve  a  water  resources  problem.  The  report  specifies  the 
project  purpose,  features,  location  and  benefits:  and  describes  the  cost  and 
scale  -  such  as  level  of  protection,  planned  mitigation  actions,  cost 
sharing,  and  legal  and  institutional  arrangements  to  assure  project 
functioning.  Results  of  these  investigations  are  documented  in  a  feasibility 
report  herein  termed  the  decision  document.  Supporting  technical  studies, 
apart  from  the  feasibility  reports,  are  therefore  final  in  terms  of 
evaluations  and  impacts  important  to  congressional  decision  malcing  on  a 
construction  commitment.  A  reevaluation  study  may  be  required  following 
congressional  authorization.  The  study  a«ay  be  a  brief  reaffirmation  of  the 
survey  report,  if  conditions  have  remained  stable,  or  a  reevaluation  study 
recommending  modifications  to  meet  changed  conditions.  The  reevaluation  is 
essentially  an  updated  survey  report  (Reference  S). 
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e.  idvanead  Snginaariat  and  Dasisn  studiaa  consist  of  ths  Gansral 
Ossign  Haaiocandua  (GDH)  and  Faatura  Dasign  Maaocanda  (FDM).  Tha  GDH's 
nocmall7  ara  parfonaad  fallowing  approval  of  tha  survay  or  raavaluation 
study.  Thay  should  prisuarily  raport  on  invastigations  eoneamad  with  ths 
anginaaring  dasign  of  tha  systaa  eoi^onaats  naeassary  to  aehiava  tha  plan 
foraulatad  in  tha  faaslhility  study.  Paatura  Oasign  Haaoranda  aca  gsnarally 
praparad  for  aaeh  najor  faatura  of  larga  or  eoaplax  projaet.  Tha  60K  and  FOB 
(if  naadad)  focm  tha  basis  fof  praparation  of  plans  and  spaeifieations. 

2-3.  Planning  Study  Considarations. 

a.  Lawl  af  Dafcail.  Tha  laval  of  datail  should  ba  coonansurata  with 
tha  study  purposa  and  othar  tsehnieal  alaawnts.  Tha  laval  of  datail  of  tha 
planning  studias  should  ba  suffieiant  to  adniaiza  post-authorization  ehmgas 
(Kafaranea  5).  Analysas  should  idantify  tha  typa,  siza,  and  configuration  of 
tha  eonponants,  aeonomies  (eost-banafits);  financing  and  cost  sharing:  and 
parfomanea  critaria  of  aach  plan  in  tha  final  array  of  altacnatlvas.  Raal 
astata  and  oparational  requiraaants  of  tha  raeonaandad  plan  should  also  ba 
claarly  dafinad. 

b.  Analysis  Conventions. 

(1)  Economic  and  othar  project  impact  analysas  are  pecfomed  by  tha 
Corps  of  Engineers  and  others  for  several  time-  and  development-  relat^ 
conditions.  Xiaportant  conventions  are  existing,  base,  and  future  conditions 
for  with  and  without  proposed  project  features  in  place. 

(2)  Existing  conditions  for  the  study  area  consist  of  measures  ai^ 
conditions  presently  in  place.  Base  condition  refers  to  measures  projected 
to  be  in  place  during  the  first  year  of  operation  of  the  adopted  plan. 
Analysas  ara  performed  for  with  and  without  flood  loss  reduction  measures  in 
place,  the  difference  representing  tha  accomplistaants  of  the  project. 
Existing  measures,  implemented  prior  to  the  base  year,  and  measures 
authorized  and  funded  for  construction  completion  prior  to  the  base  year  are 
assumed  to  ba  in  place  and  included  for  both  with  and  without  conditions  as 
described  in  tha  Planning  Guidance  Hotabook  (Reference  14 ) . 

(3)  Datamination  of  a:^sting  without  plan  conditions  is  an  important 
aspect  of  the  study  process.  Tha  %rithout  plan  is  tha  condition  most  likely 
to  prevail  in  the  absenca  of  tha  plans  under  investigation  by  tha  Corps. 
Existing  flood  hazard  reduction  projects  should  ba  considered  in  place  with 
careful  consideration  given  to  tha  actual  remaining  economic  life  of  existing 
structures.  Flood  hazard  plans  authorized  for  implementation,  but  not  yet 
constructed,  should  be  considered  in  place  unless  it  can  be  clearly  shown 
that  implementation  of  the  maasures  is  unlikely. 

(4)  Assessments  of  the  existing  without  conditions  shall  be  of 
sufficient  detail  to  establish  viable  economic  (cost  and  flood  dasiage), 
social,  and  environmental  impact  assessments  of  with  conditions  without 
further  refinements  throughout  the  remainder  of  the  planning  process. 
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(5)  Future  eondition  aaalysM  are  parfocmed  for  the  most  likely  future 
developoMtnt  condition  projected  to  occur  without  the  project,  the  iapacts  of 
iapleaentins  the  project  future  with  conditions  are  detecnined  by  comparisons 
to  the  without  eondition.  The  assessments  are  perfonMd  for  specified  future 
time  periods.  Sensitivity  anaiyses  may  also  be  desirable  or  required  to 
detersdne  the  stability  (viability  and  operation)  of  measures  and  plans  for 
other  possible  alternative  future  development  scenarios.  The  basis  for 
projeetins  ehangas  in  the  ^cisting  conditions  must  be  clearly  stated. 
Projections  must  be  based  on  supportable  information. 

e.  Pocmulation  and  Evaluation. 

(1)  Procedures  for  fonnilating  and  evaluating  flood  loss  reduction 
measures  of  interior  arees  are  siadlar  to  planning  procedures  used  in  other 
types  of  investigations  (Beference  7).  The  complexity  of  the  process  is^ 
dependent  upon  the  nature  of  the  study  area,  flood  hazard,  damage  potential, 
and  environmental  and  social  factors.  A  comprehensive  array  of  alternatives 
is  focmulatad  and  evaluated  through  an  iterative  process  until  a  final  array 
of  plans  is  developed. 

<2)  The  types  of  measures  (and  performance)  that  are  formulated  into 
alternative  plans  should,  most  often,  be  significantly  different. 

Alternative  plans  are  formulated  to  emphasize  and  address  different  planning 
objectives.  The  final  array  of  plans  should  thus  address  markedly  different 
means  of  accomplishing  one  or  sore  of  the  basic  planning  objectives. 

(3)  The  formulation  process  should  develop  a  variety  of  plans  including 
plans  that  maximize  national  economic  development  (BED)  (Reference  8)  and 
consider  environmental  issues  and  aonstructural  opportunities.  The 
formulation  process  should  develop  and  assess  a  Standard  Project  Flood 
protection  plan  for  urban  areas.  This  plan,  along  with  the  BED  plan, 
typically  identifies  upper  and  lower  bounds  of  likely  project  features,  and 
provides  insights  as  to  the  sensitivity  and  functional  characteristics  of  the 
system  and  study.  Other  plans,  comprised  of  different  configurations,  types 
of  components,  and  performance  standards,  should  also  be  formulated  and 
evaluated . 

(4)  The  BED  plan  is  considered  an  anchor  point  from  which  recommended 
plans  can  be  adopted.  Selecting  plans  other  than  the  BED  plan  must  be  well 
justified  (Reference  7).  In  areas  where  the  potential  for  catastrophic 
losses  exists,  plans  with  the  Standard  Project  Flood  level  of  protection  as  a 
minimum  goal  must  be  evaluated.  Where  failure  of  the  measures  would  not 
result  in  catastrophic  loss,  the  BED  plan  is  the  objective.  The  BED  plan  is 
the  recommended  plan  for  agricultural  areas. 

(5)  Environmental  considerations  are  an  integral  part  of  the  formulation 
process,  and  its  consideration  is  required  by  the  Economic  and  Environmental 
Principles  and  guidelines  for  Water  and  Related  Land  Resources  Imp lementation 
Studies  (Reference  1).  Bonstructural  measures  can  often  be  valuable 
components  of  interior  plans.  Comprehensive  planning  considers  nonstructural 
measures  as  realistic  candidates  for  reducing  flood  losses. 
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d.  Plan  Salaetion.  Tha  plan  aalaetad  for  raeoanandation  la  axpaetad  to 
aaarEa  from  tha  savacal  atapa  involvad  in  tha  planning  proeaaa.  Tha 
attributaBi  coats  and  hanafits^  and  othar  isvaets  (thoaa  not  possibla  to 
dafina  annatarily)  of  tha  final  plans,  and  dagraa  to  which  thay  aecoaplish 
tha  basic  plaaning  study  objaetivas  ara  waigbad  to  datacaina  tha  raconnendad 
plan.  Tha  avaluation  and  fonaulation  should  ba  parfocmad  with  activa  public 
participation  and  tha  final  plan  salaetion  aeconplishad  in  that  spirit. 

Costs  and  banafita  should  waigh  haavily  In  tha  salaetion,  but  functional 
parformanea  and  eonsidarations  of  social  and  anvironatantal  ia^aets  should 
also  receiva  najor  eonsidaration.  Tha  hydrologic  anginaar  should  assuoM  a 
aajor  rasponsibility  for  assuring  that  tha  salaetion  procass  adaquataly 
eonsidars  functional  parfonunca. 

2-4.  Daaian  Study  eonsidarations. 

a.  Ovarview.  Corps  of  Enginears*  policies  related  to  design  studies 
are  documented  in  engineering  regulation.  Engineering  After  Feasibility 
Studies  (Reference  10) .  Tha  General  Design  Hamorandum  (GDH)  and  Feature 
Design  Menorandiim  (FDM)  study  the  detail  design  of  the  selected  plan 
authorized  by  Congress.  The  type  of  components,  configuration  of  the  system, 
and  perfomance  standards  ara  specified  as  part  of  tha  plan.  Tha  design 
study  provides  rafinamant  detail  sufficient  to  meat  construction  and 
subsequent  operation  and  maintenance  criteria.  Refinement  decisions  are 
based  on  cost  affective  assessments  of  components  and  other  aspects  while 
maintaining  tha  integrity  of  tha  recommended  plan.  Hydrologic  design 
analyses  should  Interface  with  other  design  elements  to  meet  design 
objectives  defined  above. 

b.  General  Design  Memorandum.  Post-authorization  studies  of  individual 
projects  require  the  submission  of  a  General  Design  Hamorandum  which  provides 
an  overall  technical  project  parspactiva.  Tha  GDH  is  primarily  a  functional 
design  document  eoneamed  with  technical  design  of  the  system  components 
selected  in  the  Survey  study.  There  may  be  individual  feature  design 
memoranda  in  certain  circumstances. 

c.  Feature  Design  Memorandum.  Tha  Feature  Design  Hamorandum.  after 
approval,  is  the  basis  of  preparation  or  plans  and  specifications  of  an 
authorized  project.  For  complex  projects,  the  results  of  the  design  studies 
of  Individual  features  of  a  project  are  prepared  in  separate  feature  design 
memoranda.  These  are  scheduled  so  that  the  preparation  of  contract  plans  and 
specifications  for  individual  features,  which  depend  on  prior  approval  of 
other  feature  design  memoranda,  will  not  be  delayed. 
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CHAPTEE  3 

HTOROLOOIC  STUDY  STBATEGY 


SS&S£2i«  This  ehaptsr  dsscribss  a  strategy  for  performing  the 

hydrologic  analysis  associated  vith  planning  and  design  investigations  of 
interior  areas.  Study  strategy  is  defined  as  the  study  procedures, 
assumptions,  and  related  activities  eommensurate  with  the  study  process 
described  in  Chapter  2.  Hydrologic  study  procedures  are  presented  within 
this  framework  for  feasibility  and  design  (GDH  and  FDM)  investigations. 

3-2.  Minimim  Pacilitv  Concepts. 

a.  The  hydrologic  study  strategy  is  formulated  on  the  premise  that 
interior  facilities  (that  will  be  a  cooponent  of  the  reconmended  plan)  will 
be  planned  and  evaluated  separately  (incrementally)  from  the 
line-of-protection  project.  The  major  project  feature  (levee/floodwall)  is 
conceptually  divided  from  the  planned  interior  facilities  by  initially 
evaluating  a  **minifflua**  interior  facility  considered  integral  to  the 
line-of-protection*  If  a  levee/floodwall  is  in  existence,  the  '^minimum*' 
interior  facility  is  that  presently  in  place,  and  no  special  efforts  are 
required  to  establish  the  separation.  If  a  levee  is  being  proposed 
(planned) ,  the  **minifflum'*  facility  must  be  formulated  and  the  evaluation  of 
the  line-of-protection  benefits  performed  with  the  facility  in  place.  The 
residual  interior  flooding  problem  is  the  target  of  the  interior  facility 
planning  efforts,  and  benefits  attributable  to  the  increased  interior 
facilities  will  be  the  reduction  in  the  residual  damage.  See  Section  6-4  for 
a  more  complete  discussion  of  the  conceptual  separation  and  determination  of 
damage  reduction  benefits  attributable  to  the  levee,  floodwall  and  additional 
interior  facilities. 

b.  The  ^"minimum"*  facilities  are  intended  to  be  the  starting  point  from 
which  additional  interior  facilities  planning  will  commence.  The  suggested 
criteria  for  determining  the  **minimum**  facility  presented  is  intended  to 
yield  facilities  that  can  be  quickly  and  easily  determined.  The  facilities 
will,  except  in  rare  cases,  be  found  inadequate  upon  further  interior 
facility  planning;  thus  increased  facilities  will  be  formulated,  evaluated, 
and  included  as  a  component  of  the  recommended  line-of-protection  plan  that 
is  an  incrementally  justified  component  of  the  overall  flood  control 
project.  It  is  expected  that  the  interior  facilities  included  in  the  final 
plan  will  provide  interior  area  flood  relief  for  residual  flooding. 

c.  The  minimum  facility  should  provide  interior  flood  relief  such  that 
during  low  exterior  stages  (gravity  conditions)  the  local  storm  drainage 
system  functions  essentially  as  it  did  without  a  levee  in  place  for  floods  up 
to  that  of  the  storm  sewer  design.  If  a  local  storm  drainage  system  is  in 
existence,  then  the  minimum  facility  should  pass  the  local  system  design 
event  with  essentially  no  increase  in  interior  flooding.  If  no  local  system 
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prasantly  axists,  but  futura  plans  ineluda  a  atorm  drainage  aystea,  it  ia 
raaaonabla  to  proceed  aa  if  it  exiata  and  its  design  capacity  is  consistent 
with  local  design  practices. 

d.  Kininum  interior  facilities  will  sost  often  consist  of  natural 
detention  storage  and  gravity  wtlets  sized  to  neet  the  local  drainage 
systea.  However,  they  aay  include  other  features,  such  as,  collector  drains, 
excavated  detention  storage,  and  puaping  plants  if  they  are  a»re  cost 
effective. 

e.  Special  case  situations  aay  arise  in  which  the  ’’ainisnaa'*  interior 
facility  concept  is  siaply  not  applicable.  Bxaaples  oiay  include  coastal 
areas  t^ere  a  significant  portion  of  the  interior  water  coaes  froa  wave 
splash  over  the  line-of-protection;  alternatives  for  interior  flooding  that 
substantially  reduce  the  volusw  of  %mter  arriving  at  the  line>of->pretection, 
such  as  diversions  or  line-of-protection  re-alignaent;  and  line-of -protection 
projects  in  which  the  interior  facility  is  a  significant  element  in  the 
overall  project  or  where  the  interior  aeasures  are  integral  to  the  project  in 
such  a  manner  that  separation  is  impractical.  Zn  the  above  and  other  similar 
situations  that  may  arise  during  an  interior  study,  the  analyst  is  encouraged 
to  adhere  to  the  concept  of  separable  evaluation  and  justification  as  much  as 
practically  possible  to  ensure  careful  analysis  of  interior  solutions,  tihere 
completely  impractical,  the  reason  should  be  documented  and  the  analysis 
proceed  in  a  logical,  systematic  manner  considering  the  line-of -protection 
works  and  interior  facilities  as  a  unit. 

3-3.  Overview  of  Hydroloaic  Study  Strategy . 

a.  Hydrologic  analyses  of  interior  areas  must  address  the  coincident 
nature  of  flooding  at  the  line-of-protection  for  existing  and  future  "with" 
and  ’’without"  conditions. 

b.  Development  of  the  hydrologic  engineering  study  strategy  is  an 
important  first  step  in  producing  quality  technical  results  needed.  Figure 
3.1  is  a  schematic  of  steps  that  can  assist  in  formulating  the  hydrologic 
study.  Table  3.1  suanarizes  hydrologic  study  detail  for  planning  and  design 
studies*. 


c.  Study  resources  include  manpotier,  schedules,  and  funding  allocations 
for  the  various  participants  in  the  study.  Kesource  allocation  should  be  a 
coordinated  effort  among  the  study  manager  and  representatives  of  the  various 
elements.  Under  some  circumstances,  adjustments  in  scope  of  the  hydrologic 
aspects  of  the  study  to  meet  resource  allocations  may  be  accomplished  by 
reducing  the  number  of  alternatives  investigated  or  by  modifying  the  of 
analysis  procedures.  Appropriate  detail  and  scope  must  be  maintained, 
however,  to  meet  required  guidelines,  regulations,  and  study  procedures. 
Compromises  between  the  study  coordinator  and  the  participant  in  resource 
allocations  requiresients  may  be  required  to  neet  these  objectives. 
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!•  Z  4  ta  m  AMrarlAcaA  mm*  ta  famtUca  Ua 

raiailaaalii*  kacma  vwaU  latarilsclillaarr  a4Jactl«aa, 

airaacr  Ml  cfta  acady  caaaoNaa  ra^trarf  ca  aaac  Uaaa  aajMttaas. 


2*  AsaUc  Is  fatMtallac  a«aral2  scv^y  a^Jacciiwa  aai  •cracagy.  X4aacif7 
4aclataaa  ra<«ira4  (•  aarr/  aac  ;lia  •ttracat7  aM<;  elit  a4Ja<ci«aa. 
faca4iiak  isfavaaclaa  raga Lra4  ca  Mtyarc  cltaaa  4Mltlaas.  ftt  caMifte 
aa  ca  «Imc,  «lMca*  a^taa,  taaacicy  aatf  aaality* 


3*  Aaaaaa  ciM  pliyaiail  (atsaavaUflcal*  caaacvayMc.  tarraacracwra.  ccc.) 
taitflClaaa  laflaaaclag  tiMi  a(a4y  4aal|a.  Oaiacmlaa  tlia  4aCB  that  ta 
aaaiU4ta  aa4  taa  gaallry. 


4.  Oaaalat  aa  aaalyaia  acracaty  «m4  aaJlacc  araaaaaraa  cMc  will  pcaat4a 
BiM  taiataaclaa  yagaita^  ca  aaac  cha  avaiall  ccudy  a4|acel«aa  la  • 
aaaaar  tliac  afla<ci«aly  acUUaa  raaaarcaa.  tacaklliK  racalraaaata 
far  4a«8  ca  4a  aagalratf*  aaatcaa  «a4  caalicy- 


3,  Daaalaa  a  racailaa  aack  ylaa  ca  carry  aac  cha  aaaiyata  4aaifaa4  la 
•cap  4*  la  apacifU  aa  ea  aPa.  akac,  whara.  whaa»  mm4 

caaltry.  Oaawaaac  tlM  MMlyata  4atlfa,  aacktag  piaa  aa4  taiaarca 
faaiilraaaaia  taPaJtaca  raaaarcaa  aaa4a4  ca  carry  aac  aacli  cask  aa4 
pff«wB4a  each  lafocaaclca  raaalraaaac. 


4.  CaaliMta  clia  aaalyaia  4aal|a,  raaaarcaa  raaatra4«  cha  atuiy/laaiga 
aPJacclaaa,  aa4  aafca  a41aac»aacs  aa  ca<ial4ara4  apfraprtatt.  tf  cka 
raaaarcaa  rapuiraP  (aaca411aha4  la  teep  3)  •acaa4  «Hiac  ta  €oa»t4ara4 
apprapriaca  chaa  ratara  ca  tcap  2  mm4  ra#«cakltik  aaarall  tcaar 
akfacClvaa:  4p  ape  cliaata  cka  aiialyala  victMaC  •ilaatlag  cka  akj active 


T.  Oar  lag  aaacuclaa  parlatflcally  avaUaca  tka  aPlacBlvaa*  analTatc^  aal 
raaparcaa;  paka  a4]aacsaiica  aa  capal4ara4  appropriaca. 


FIGURE  3.1  Hydrologic  Study  Design 
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labia  3.1 

ftjrdrolosle  Analysis  Process* 
Laval  of  Datail  Guidelines 

Type  of  Study  Cosaants 


I.  Faasibiliby 

A.  Praliainary 

B.  Ponulation  Process 

C.  Bvaluation/Plan  Selection 


II.  Befonaulation  (when  required) 

IZZ.  General  Design  Memorandua  (GDM) 


IV.  Feature  Design  Memorandua  (FDM) 

V.  Operations  Manual 


A.  Sough  hydrology.  siapLified 
procedures,  judgeaents,  and  information 
froa  previous  studies. 

B.  Pinal  existing  and  future  without 
condition  hydrology.  Continuously 
enhanced  detail  for  each  iteration  of 
analysis  of  alternatives. 

C.  Final  hydrology  for  plan  selection, 
justification,  and  iapact  assessments; 
i.e. ,  discharge  frequency  functions, 
performance  criteria,  definition  of 
operation  and  maintenance  procedures, 
and  legal  and  institutional 
requirsaents . 

Use  feasibility  hydrology  unless 
conditions  change.  If  conditions 
change,  proceed  as  described  above  for 
feasibility  studies. 

Final  design  level  (cost  effective 
analysis)  for  pumping  stations, 
interior  channels,  gravity  outlets, 
ponding  areas  and  other  measures  based 
on  the  component  sizes,  configuration, 
and  performance  criteria  established  in 
Part  II.  Provide  detailed  O&M,  legal, 
and  institutional  requirements. 

Refinements  to  GDM  design  for  major 
plan  features,  such  as  pump  stations. 
Befine  operation  of  plan,  etc. 

Describe  in  detailed  operations  manual 
hardmre  (streamgages.  raingages,  etc., 
necessary  to  operate  the  selected  plan). 


'Process  is  Ideally  conceived  to  proceed  from  I  to  V  as  shorn. 
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3-A.  Strataitiaa  for  Planning  Sbudiaa. 

HYdroloKie  Study  Strateciaa.  Hydrolosie  study  strabegias  prasantad 
for  planning  studias  ara  procaducas  and  actions  diraetly  applicable  to  tha 
Corps  planning  process. 

b.  Existins  Without  Condition  Systaa  Layout.  Existing  trithout 
conditions  systan  layouts  .ara  based  on  criteria  and  raquiraawits  defined  in 
paragraph  2-3e.  Specific  criteria  and  considerations  in  laying  out  tha  study 

area  ara: 

(1)  The  syatan  is  assuaed  to  be  in  place  and  operating  as  planned,  if 
tha  line~of-pro taction  (levee,  floodwall,  seatiall}  is  presently  in  plaea  or 
authorized  for  construction. 

(2)  If  tha  line-of-proteetion  is  not  presently  in  plaea,  its  feasibility 
and  specification  will  be  datenainad  based  on  appropriate  formulation  and 
evaluation  procedures.  The  feasibility  study  will  include  plans  of  aligmaant 
of  the  line>of>protection  which  minimize  tha  contributing  runoff  area  to  tha 
^berior.  This  requires  special  attention  to  tie  back  levees,  diversions, 
and  use  of  pressure  conduits  (Saferanee  4) . 

(3)  If,  M  in  the  above  paragraph  3-4b<2),  tha  line-of-protection  is  not 
in  place,  a  minimum  facility  (described  in  paragraph  3-1)  will  be  formulated 
and  considered  as  part  of  the  line-of-protection  system. 

c.  Existing  Without  Condition  Assessments.  Hydrologic  analyses  of 
existing  without  conditions  will  be  performed  to  develop  the  basis  for  which 
the  interior  facilities  will  be  planned.  The  analyses  provide  flood  hazard 
information  (frequency,  magnitude,  elevations,  velocities)  which  are 
integrated  into  assessments  of  other  study  elements  (i.e.,  flood  damage, 
cost,  social  and  environmental).  Hydrologic  analyses  include  development  of 
data  for  estimating  elevation- frequency  functions  (discharge  or  storage 
based)  at  desire  locations  throughout  tha  systma.  The  general  hydrologic 
strategy  for  analyzing  existing  without  conditions  is; 

(1)  Assess  available  information. 

(2)  Perform  field  reconnaissance  of  tha  area:  conduct  interviews, 
survey  data  needs,  gather  historic  event  infonoation,  determine  physical  and 
operational  characteristics  of  existing  components. 

(3)  Assess  analytical  criteria  for  performing  the  study;  i.e..  layout 
line-of-protection  and  existing  condition  components;  determine  subbasin 

and  damage  reach  delineation  and  existing  land  use  patterns. 

(■*)  Analyze  exterior  stage  conditions  at  existing  or  potential  outlets 
of  interior  facilities. 
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(S)  Oevalop  rainfall-runoff  analj^is  paranaters  for  tho  interior  araaa 
as  appropriate.  Paraneters  include  data  for  rainfall,  loss  rates,  nmoff 
transforas  (unit  hydrograph,  or  kinesntie  tiave) ,  and  routing  criteria.  See 
m  1110-2-1408  (Beferenee  3),  EH  1110-2-1405  (Reference  2),  and  HEC  Training 
Doctoaent  Re. IS  (Reference  12). 

(8)  Poraulate  and  evaluate  the  odniouB  interior  facility  described  in 
paragraph  3-lb. 

(7)  Generate  hydrographs  for  the  interior  system  by  rainfall-runoff 
analyses,  combine  flows,  and  perform  channel  and  storage  routings  as  required 
throughout  the  system,  the  coincident  flood  routings  (interior  and  exterior 
stage  considerations)  through  the  line-of-protection  at  existing  gravity  or 
pressure  outlet  and  puoiping  station  location  may  be  performed  separately  or 
in  conjunction  with  the  other  system  analysis.  Seepage  contributions  should 
be  included  if  pertinent. 

(8)  Develop  elevation  (discharge  or  storage  based)  frequency  functions 
or  event  parameters  (historic  record  analysis)  at  selected  damage  reaches  and 
other  locations. 

d.  future  Condition  Assessments,  future  without  analyses  repeat  the 
hydrologic  strategy  and  procedures  defined  under  existing  trithout  conditions 
for  the  most  likely  future  conditions  as  defined  in  paragraph  2-3c(2).  This 
includes  both  land  use  and  conveyance  system  changes.  Other  future 
alternative  land  use  conditions  may  be  assessed  if  desired  or  necessary. 
Future  land  use  development  patterns  and  other  actions  may  affect  hydrologic 
loss  rates,  runoff  transforms  and  possibly  natural  storage  and  conveyance 
areas.  These  effects,  including  assumptions  of  encroachment,  sediment,  and 
maintenance  requirements  to  maintain  the  functional  integrity  of  the  proposed 
project,  must  be  determined  and  documented.  Analyses  of  future  with  and 
without  project  conditions  are  normally  developed  and  presented  at  decade 
intervals  throughout  the  life  of  the  proposed  project  (Reference  8). 

e.  Formulation  and  Evaluation.  Hydrologic  analyses  of  flood  loss 
reduction  actions  and  measures  are  performed  for  several  combinations  of 
measures  (plans),  operation  plans,  and  performance  targets  following  the 
broad  approach  outlined  in  Chapter  2.  The  initial  evaluation  should  assess 
the  potential  for  improved  operation  of  the  existing  system.  If  improved 
operation  procedures  are  found  to  be  attractive  for  the  present  system  they 
should  be  detailed  and  incorporated  as  part  of  the  existing  system.  The 
typical  sequence  of  the  feasibility  analysis  is  to  evaluate  increased  gravity 
outlet  capacity  initially,  ponding  second,  pumping  stations  third, 
interceptor  systems  fourth,  and  then  other  measures.  4  description  of  these 
measures  is  presented  in  detail  in  (^pter  S. 

f.  Other  Study  Considerations.  There  are  several  important  subproblems 
that  must  be  resolved  by  the  hydrologic  engineer  in  the  formulation  and 
evaluation  of  proposed  interior  systems.  Among  these  are  such  items  as 
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extarior  ftl^vations  for  s^^vity  outlat  gate  closure  and  puop  on  and  off 
elevations.  If  they  can  be  detenained  by  independent  analysis  invo Ivins  only 
of  hydtolosic  factors  and  the  results  do  not  signif icantly  affect  plans  that 
are  fomulated  and  evaluated,  then  the  hydrologle  ensineer  should  solve 
thea.  If  they  interact  in  iaportant  ways  with  the  neasures  beins  fomilated, 
these  technical  subprobleas  should  be  Incorporated  into  the  platmins  process 
that  considers  costs,  benefits,  and  inpacts  of  aeasures.  It  is  often  useful 
to  examine  the  sensitivity  of  the  performance  of  the  planned  interior 
facilities  to  variations  in  such  factors. 

(1)  The  basic  concept  as  discussed  briefly  in  parasraph  2-3f  is  that  the 
reeonnended  plan  will  emerse  from  the  planning  process  considering  the  full 
range  of  concerns  and  planning  objectives.  Costs  and  benefits  trill  dominate, 
but  other  social,  environmental*  and  functional  performance  issues  are 
important. 

(2)  The  performance  of  the  interior  facilities  over  the  full  range  of 
anticipated  interior  events,  including  those  that  exceed  the  design  level, 
are  particularly,  important.  What  happens  when  design  is  exceeded?  Do  excess 
waters  rise  slowly  or  rapidly?  What  is  the  warning  time  for  evacuation?  Can 
Interior  area  occupants  get  into  and  out  of  the  area  as  needed?  What  are  the 
provisions  for  emergency  services  (police,  fire  protection,  medical  service) 
and  other  life  support  requirements  (food,  water,  shelter,  and  power)?  Will 
the  focinulated  facilities  continue  to  function  as  planned  under  conditions 
that  may  prevail  during  the  occurrence  of  a  full  range  of  possible  interior 
storm  events  up  to  the  magnitude  of  the  Standard  Project  Storm.  The 
hydrologic  engineer  should  participate  in  the  decision  process  in  these  and 
similar  items  for  which  his  technical  expertise  is  particularly  helpful. 

3-5 .  Strategies  for  Design  Studies. 

a.  The  General  Design  Memorandum  (GDM)  and  Feature  Design  Memorandum 
(FDM)  studies  detail  the  selected  plan  specified  at  the  conclusion  of  the 
planning  process.  The  type  of  components,  configuration  of  the  system,  and 
perfonnance  standards  are  specified  as  part  of  the  plan.  The  design  study 
objective  is  to  provide  refinement  detail  sufficient  to  meet  construction  and 
subsequent  operation  and  maintenance  criteria.  Another  major  objective  is  to 
perform  cost  effective  assessments  of  the  refinements  and  components  while 
maintaining  the  integrity  of  the  recommended  plan.  Hydrologic  design 
analyses  should  Interface  with  other  design  elements  to  achieve  those 
objectives.  This  should  include  hydraulic  design  elements  of  the  recommended 
plan  such  as  the  size,  invert  elevations,  and  development  of  rating  curves 
for  gravity  outlets,  pumping  station  suxsp  dimensions,  and  water  surface 
profiles  and  flow  velocities  associated  w.ith  proposed  runoff  conveyance 
system  (Reference  2). 

b.  Selected  hydrologic  design  considerations  are  described  below.  The 
Items  vary  with  each  study. 

Cl)  Pump  station  requirements  include:  Pump  start  and  stop  elevations; 
selection  of  desired  pump  floor  elevation  and  determination  of  the  need  for 
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flood  proofins  above  the  floor  alovation;  tba  extant  of  automation  of  the 
pump  station  operations  to  be  comoMnsurate  with  the  extent  of  advaneo  wamins 
time. 


(2)  Biver  data  and  criteria  commensurate  with  gravity  outlet 
capabilities  including  selection  of  final  gravity  outlet  gate  closure 
elevations  and  the  need  for  a  manual  or  automated  systam  of  opening  gravity 
outlets  when  interior  pond  stages  exceed  river  stages. 

(3>  Detention  storage  requirements  Include:  storage  allocation  for 
sediment,  final  interior  stage  frequency  curves,  duration  and  depth  data  to 
determine  potential  hazards  associated  with  ponding,  and  the  real  estate 
reqjuireawnts  (permanent  right-of-way  and/or  flowage  easements). 

(4)  Other  hydrologic  evaluations  include:  final  assessment  of  impacts 
from  interior  runoff  events  which  produce  interior  stages  exceeding  selected 
pond  right-of-way,  pump  station  floor  elevations,  and  other  existing 
development  elevations,  including  the  impacts  from  the  standard  project 
storm;  and  the  deteradnation  of  cofferdam  levels  for  the  construction  of  the 
interior  flood  control  features  (may  include  the  development  of  seasonal 
stage  frequency  curves  for  anticipated  construction  schedules) .  Seepage  can 
be  a  major  consideration  where  external  river  stages  reomin  high  for 
prolonged  periods. 

(5)  The  actions  required  to  operate  and  maintain  the  proposed  system 
mist  be  described  in  detail.  These  include  flood  warning-emergency 
preparedness  components  and  actions.  The  operations  and  maintenance 
requirements  should  be  described  by  flood  stage  or  elevation. 
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cfuptsa  4 

Ktonoioaic  analysis  procedures 


4-1.  Ganacal. 

Four  hYdrolORie  analysis  procaduros  (and  variations)  are  discussed 
herein  and  are  classified  as:  (1)  continuous  record  analysis  methods «  or  (2) 
coincident  frequency  methods. 

4-2.  Basic  Concents. 

a.  The  occurrence  of  fluctuatins  vater  levels  both  exterior  and 
Interior  to  the  line-of-protection  is  the  aspect  that  makes  interior  area 
analysis  unique.  Several  terns  are  used  to  comaunicate  information  about  the 
nature  of  these  occurrences  and  they  represent  important  basic  concepts.  If 
the  exterior  and  interior  occurrences  are  such  that  a  consistent  relationship 
exists  one  to  the  other  (to  some  desreSt  one  can  be  predicted  from  the 
other),  the  interior  and  exterior  events  are  said  to  be  correlated.  If  the 
physical  and  meteorolosic  processes  of  the  interior  and  exterior  events  are 
related  to  one  another,  they  are  said  to  be  dependent.  If  the  situation 
occurs  that  the  interior  and  exterior  events  produce  stages  that  coincide, 
e.s*«  the  exterior  is  hish  when  an  interior  event  occurs,  then  coincidence  is 
said  to  occur.  Coincidence  can  exist  whether  or  not  the  interior  and 
exterior  occurrences  are  correlated  or  dependent. 

b.  At  one  extreme  it  is  possible,  thoush  not  likely,  that  there  will  be 
conqilete  non-coincidence,  i.e«,  the  two  occurrences  will  never  coincide  and 
thus  interior  and  exterior  water  levels  will  never  be  hish  or  low  at  the  same 
time.  The  interior  analysis  could  be  performed  without  consideration  of 
exterior  conditions,  thus  greatly  simplifying  the  problem.  The  occurrences 
could  be  correlated  and  dependent/or  independent,  but  it  would  not  be 
important  to  the  anaiysis  approach. 

c.  At  the  other  extreme,  it  is  possible,  and  somewhat  more  Likely,  that 
there  will  be  complete  coincidence,  e.s*,  the  two  occurrences  will  always 
coincide  so  that  hish  exterior  levels  are  always  present  In  the  case  of  the 
occurrence  of  an  interior  event.  The  interior  anaiysis  can  proceed  without 
exterior  anaiysis  (by  assumins  blocked  gravity  outlets),  since  the  conditions 
that  exist  for  interior  events  are  completely  known.  The  occurrences  would 
likely  be  correlated,  although  not  necessarily  dependent,  but  it  would  not  be 
important  to  the  analysis  approach. 

d.  The  situation  for  a  given  study  will  most  likely  lie  between  these 
two  extremes.  Analysis  to  determine  the  degree  of  correlation  may  help 
determine  the  likelihood  of  coincidence  or  independence  but  are  not 
sufficient  of  themselves.  Correlation  studies  are  most  useful  for  developing 
(if  needed)  a  predictive  capability.  Formal  study  to  determine  the  degree  of 
independence  is  not  possible  at  the  present  time,  as  it  represents  an 
unsolved  technical  problem  area.  To  some  degree,  lack  of  correlation  can 
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suggsst  itidependencQ  but  is  not  sufficient  of  itself.  More  likely,  the 
decree  of  dependence  is  determined  based  on  inspection  of  the  available 
record  and  judseaents  with  resard  to  the  meteorolosie  ^nd  physiosraphic 
orisins  of  the  interior  and  exterior  events.  It  is  important  ttat  the 
context  be  carefully  defined;  the  fact  that  storms  occur  only  in  the  winter 
(sprlnst  etc.)  is  not  an  ade<{uate  basis  for  declarins  that  the  occurrences 
are  dependent.  The  critical  focus  must  be  on  the  aspects  of  the  occurrences 
as  they  relate  to  possible  coincidence,  since  this  is  the  critical  item  with 
respect  to  analysis.  The  validity  of  the  assumptions  necessary  for 
application  of  the  coincident  frequency  method  is  controlled  by  whether  or 
not  independence  is  the  case. 

e.  Inspection  of  the  historic  record  is  fundamental  to  determinins 
important  factors  of  correlation,  independence,  and  coincidence. 

Establishins  bounds  on  the  consequences  of  decisions  regarding  these  factors 
is  an  Important  analytic  approach.  It  is  generally  helpful  to  analyze  the 
two  extremes  of  assuming  complete  and  non-existent  coincidence.  Also,  by 
determining  the  relative  consequences  of  the  assumption  of  independwce, 
judgements  regarding  its  importance  to  the  study  can  be  made.  Within  the 
framework  of  this  information,  the  approach  that  will  yield  supportable 
conclusions  will  become  more  evident.  Table  4.1  sunmarizes  hydrologic 
analysis  considerations  for  various  levels  of  coincidence  and  dependency  of 
interior  and  exterior  conditions. 


Table  4.1 


OOnglgNg  Q£P£!SSS 


Assessment  of  Coincidence 
(Reference  Paragrapn  4-02) 

amHPtgs/cnwgMTS  uulysis  cowsid^ailqws 


(HIGH) 


(HIGH)  ^  HurricMs.  targe  regional  events; 
interior  and  exterior  areas  of 
I  siwitar  megnitude. 

JLOH)  -o-fTtora  seeson  of  mall  intertor  aree 
SMSon  eoincides  with  swnmelt 
I  nmoff  of  large  Oasin. 


Blocked  gravity  outlet  conditions  are 
amon.  Conventional  hypotnetical 
frequency  analyses  often  appropriate 
for  urten  areas. 

Qmtimaws  record  analysis  aethods  or 
pnMilistic  approaches  generally 
required.  Gravity  outlet  is  often 
blocked  during  critical  interior  events. 


IhiCH)  Hms  range  of  coincidence  is  nost 
^  opean.  Relatively  high  likelihood 
of  interior  and  exterior  events 
Ctew)  occurring  ’sieuUaoecMSiy. 


Continuous  record  analysis  or  probabilistic 
nathods  generally  required.  Gravity  mtlets 
aay  be  blacked  during  critical  interior 
events. 


I 


(LOU) 


(HIGH) 


r'taing  of  interior  and  exterior 
events  is  such  that  they  rarely 
coincide,  nay  be  affected  by 
operation  of  upstreaa  project. 


Considerable  study  may  be  required  to 
identify  this  condition  and  to  assmv  its 
existence  in  the  physical  pnxress. 
Coincident  hydrology  generally  appropriate. 


(LOU) 


Rare  condition.  Interior  flooding 
rarely  if  ever  coincides  uith  high 
exterior  stages.  Studies  generally 
Halted  to  gravity  outlet  assessnents. 


Coincident  interior  analysis  is  not 
necessary. 
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4-3  Proeadure  Overview. 

a.  General .  Two  basic  hydrolo^ie  pcoeadures  for  analyzins  with  and 
without  interior  project  conditions  are  presented.  These  approaches  are 
continuous  record  analysis  nethods,  and  coincident  frequency  aethods. 

b.  Continuous  Pecord  AnalTsis  Methods.  Continuous  record  procedures 
can  be  subcategorized  as: 

(1)  period-of-record  (historic), 

(2)  discrete  events  of  historic  record,  and 

(3)  stochastically  generated  continuous  records. 

Analysis  of  multiple  discrete  events  are  included  as  a  continuous  analysis 
method  since  events  relating  to  coincident  flooding  of  local  runoff  and  river 
stages  are  identified  from  historic  record  of  river  stages,  interior  stages, 
and  rainfall.  Each  of  the  three  techniques  may  be  used  to  develop  hydrologic 
data  of  coincident  flooding  adjacent  to  the  line-of-proteetion.  Paragraphs 
4-S,  4-6,  and  4-7  describe  the  basic  elements  of  the  procedures. 

c.  Coincident  Preouenev  Methods.  Coincident  frequency  methods  vary 
significantly  in  detail  and  procedures.  The  technique  described  herein 
develops  a  weighted  frequency  relationship  from  probabilities  of  exterior  and 
coincident  interior  stage  conditions.  Section  4-8  describes  the  procedure  in 
detail. 

4-4.  HYdroloeic  Oata  Requirements. 

a.  General.  Hydrologic  data  required  for  analysis  of  interior  areas 
include:  topography,  exterior  stage  data,  historic  rainfall  records,  runoff 
parameters,  and  seepage  data.  Physical  characteristics  and  operation 
procedures  for  the  without  condition  oust  also  be  determined. 

b.  TooeeraohY.  Topographic  data  are  required  to  define  watershed  and 
subbasin  boundaries,  mnoff  parameters  (slopes,  stream  lengths),  and 
estimation  of  elevation-area-storage  relationships  for  natural  detention 
areas.  The  availability  of  good  topographic  data  as  early  in  the  study  as 
possible  is  recommended. 

c.  Exterior  Stage  Data.  Exterior  stage  data  are  required  primarily  at 
gravity  and  pumping  station  outlet  locations.  Secondary  gravity  outlet  data 
may  be  aggregated  (combined  rating  curves)  to  primary  outlet  locations,  or 
ignored  if  the  discharge  capacity  is  insignificant  relative  to  the  primary 
out lets . 


d.  Rainfall  Data.  Rainfall  data  are  required  for  interior  and  possibly 
for  exterior  areas  analyses.  The  data  should  be  basin  average  values  for  the 
study  area,  with  weighted  rainfall  values  determined  where  more  than  one  rain 
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gage  ia  located  within  or  near  the  watershed.  If  no  rainfall  gage  exists  in 
the  basin,  records  from  nearby  rain  gages  will  be  used  in  the  analysis. 

e.  Hunoff  Parameters.  Hydrologic  parameters  affecting  runoff  are 
required  for  loss  rates,  runoff  transforms,  and  base  flow.  Loss  rate 
parameters  nay  be  initially  estimated  by  using  values  from  previous  studies, 
or  derived  through  analysis  of  measured  rainfall  and  runoff  volumes  at 
gages.  Loss  rates  are  generally  based  on  the  land  use  antecedent  soil 
moisture  condition,  and  physical  basin  characteristics.  Initial  values  for 
unit  hydrograph  and  other  runoff  transform  parasmters  may  be  estimated  from 
land  use  and  physical  basin  characteristics  using  published  values  or 
regression  equations.  The  importance  of  volume  rather  than  peak  discharge  in 
many  studies  permit  use  of  simplified  runoff  methods  to  be  employed  with 
acceptable  results.  Calibration  studies  of  assustptions ,  and  verification  of 
results  to  high  water  narks  and  frequency  information  must  be  performed  as 
needed. 

f .  Physical  and  Operational  Characteristics  of  Existinx  Measures. 
Information  on  physical  and  operational  characteristics  of  existing  flood 
loss  reduction  measures  are  normally  required.  Gravity  outlet  locations, 
capacity  .  and  operation  procedures  are  needed  to  enable  simulation  analysis 
to  reproduce  the  historic  record. 

8*  Other  Data.  Data  on  ponding  areas,  collection  systems,  and  any 
hydraulic  control  effecting  water  movement  are  also  often  necessary. 

4-5.  Period-of-Record  Methods . 

a.  General.  Period-of-reeord  methods  involve  analysis  of  continuous 
historic  records  of  hydrologic  events.  Analyses  are  performed  for  with  and 
without  conditions.  The  procedure  consists  of  performing  sequential 
hydrologic  simulation  of  inflow,  outflow,  and  change  in  storage  to  derive 
interior  water  surface  elevations  given  exterior  stages  and  interior  runoff 
for  the  entire  period-of-record. 

b.  Overview. 

(1)  An  overview  of  the  period-of-reeord  methodology  is  depicted  in 
Figure  4.1.  Historic  precipitation  data  typically  are  applied  to  subbasin 
loss  rate,  runoff  transforms,  and  base  flow  parameters  to  yield  runoff 
hydrographs  at  subbasin  outlets.  Hydrographs  are  combined  and  routed  through 
the  system  (as  appropriate)  to  gravity  outlets  and  pumping  stations  to  yield 
period-of-record  Inflows  at  the  Line-of-proteetion.  These  data  are  used  with 
period-of-record  exterior  stage  data  to  simulate  the  expected  operation  of 
the  system.  The  results  are  period-of-record  stage  hydrographs  at  desired 
locations  throughout  the  interior  system.  For  urban  areas,  elevation- 
frequency  functions  are  often  derived  for  economic  analyses.  In  agricultural 
crop  areas,  the  stage  hydrographs  (stages  and  duration  by  season)  are 
typically  used  to  calculate  crop  damage  directly. 

(2)  The  period-of-record  procedure  is  attractive  because  it  preserves 
the  seasonality,  persistence,  and  dependence  or  independence  of 
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fXTBIItOII  COMOmOMS  IWTIIIIOW  COWDITIOWS 

1/ 

I  “without*  CpMOITIONS 


i/WITHOUT  AMD  WITH  CONDITIONS  TIME  TRACES  OF  STAGE  ARE  DEVELOPED  FOR  BASE,  EXISTING, 
AND  FUTDRE  CONDITIONS  AS  APPROPRIATE  FOR  INVESTIGATION. 


FIGURE  4.i  Continuous  Record  Simulation:  Period-of -Record  Concepts 


exterior  (river)  stages  and  interior  flooding.  The  method  enables  the 
performance  of  the  project  to  be  displayed  in  a  manner  easily  understood  by 
the  other  study  participants  and  the  public.  The  procedure  is  particularly 
useful  for  evaluating  crop  damage  of  single  subbasin  watersheds  (ponding 
adjacent  to  line-of-protection)  in  agricultural  areas.  System  operational  and 
raaintenanc®  costs  may  ba  calculated  directly.  ttiB  methods  are  generally 
tedious  to  apply  because  of  the  large  amount  of  hydrologic  data  analyzed. 

(3)  Major  considerations  in  application  of  the  period-of-recocd 
procedures  are  the  potential  for  the  historic  record  being  unrepresentative 
(records  are  usually  short),  and  that  the  procedure  requires  significant 
information  needs  and  extensive  calibration.  A  short  and  unrepresentative 
historic  record  may  yield  inappropriate  size  and  mix  of  measures  and  operation 
specifications  of  the  system.  The  extensive  data  needs  and  model  calibration 
requirements  often  result  in  a  period-of-record  analysis  that  is  an  unduly 
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siaplistie  ninfalX-runoff  analysis  for  singla  subbasins  adjaeanb  to  tha 
lina-of  protaetion.  Tha  lava!  of  dabail  is  oftan  adaquabe  for  asricultural 
araas,  but  aay  not  ba  for  tha  runoff-routins  analyses  required  of  eonplex 
urban  areas. 

(4)  A  variation  of  tha  pariod-of>raeord  nathod  is  to  analyze  only  those 
events  froa  tha  historic  record  that  are  relevant  to  tha  interior  analysis, 
thus  radueins  tha  nuabar  of  sped if ic  events  to  ba  evaluated. 

e.  Hvdfoloaic  Analvsis  Procedures.  Tha  saquanea  of  analytical 
procedures  varys  with  individual  studies  and  variations  in  pariod>of-raeord 
analysis  oathods.  Figure  4.2  illustrates  pariod-of-racord  coneapts.  A 
typical  study  sequence  is  provided  below. 

(1)  Watershed  and  subbasin  boundaries  are  delineated  and  danage  reach 
index  locations  selected  where  hydrologic  data  are  developed  for  flood  damage 
analysis. 

(2)  Interior  runoff  for  the  period-of-record  is  developed  using  historic 
rainfall  and  adopted  loss  rates  and  runoff  transforms  by  subbasins,  and  then 
combined  and  routed  throughout  the  system. 

(3)  Other  contributing  interior  flows  such  as  seepage,  wave  overtopping, 
and  overflow  from  adjacent  areas  are  determined  for  use  in  the  analysis. 

(4)  Interior  inflow  is  routed  through  the  system  including  the  gravity 
outlets,  pumping  stations,  and  detention  basins,  adjacent  to 
line-of-protection. 

(5)  The  analysis  model  is  calibrated  based  on  initial  results. 

Calibration  may  include:  generation  of  period-of-record  flows,  volumes,  and 
stages  at  gages;  and  calibration  to  historic  high  water  marks,  damage  data, 
and  frequency  of  overtopping  roads  and  bridges.  Adjustments  may  be  made  to 
loss  rate  and  runoff  transform  parameters,  seepage  functions,  antecedent 
moisture  accounting  techniques,  and  operation  procedural  assumptions. 

(6)  Develop  elevation-frequency  relationships,  duration  of  flooding,  and 
other  pertinent  hydrologic  information  at  locations  of  interest  for  the 
existing  without  conditions. 

(7)  Repeat  steps  2,  3,  4,  and  6  for  future  without  conditions  and  future 
with  conditions  for  each  to  the  proposed  alternative  plans. 

4-6 .  Multiple  Discrete  Event  Method. 

a.  The  multiple  discrete  event  procedure  is  based  on  development  of 
interior  stage- frequency  functions  for  areas  affected  by  coincident  flooding. 
Tha  procedure  generates  a  composite  stage-frequency  function  from  analysis  of 
two  conditions.  The  first  involves  analysis  of  selected  (high  stage)  exterior 
events  of  historic  record  that  have  an  effect  on  interior  flooding  when 
interior  rainfall  occurs  coincidently.  The  second  condition  involves  analyses 
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FIGURE  4,2  Period-of-Record  Analysis  Schematic 
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o£  low  axtarlor  staga*  aasociatad  with  intarior  flood  analysis  gsnaratad  by 
sithar  coincidant  historic  rainfall  or  hypothatical  fr^ancy  stoc» 

For  tha  saeond  condition,  historic  rainfall  is  co«»i^y  Mad  in  agriculturtl 
araas  and  hypothatical  fraquancy  rainfall  for 

rasult  is  a  staga-fraquancy  function  for  aach  of  tha  two  conditions .  Tbmy  ara 
than  co8d>inad  into  a  coaposita  function  by  tha  application  of  tha  joint 
probability  thaoraa.  Figura  4.3  coneaptualizas  tha  analysis  precass. 


BXTBIIIOII  COWOITIOWS 


IMTBWIOW  COWOtTIOMB 

“witmout”  conditions 


"with"  and  "without"  conditions" 


a 


A  A  A  ^ 
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1970 


1980 


A  (\  rKf\A  Af\ 


I9S0  I960 
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^  WITHOUT  AND  WITH  CONDITIONS  TIME  TRACES  OF  STAGE  (BASED  ON  SIGNIFICANT 
EVENTS)  ARE  DEVELOPED  FOR  BASE,  EXISTING,  AND  FUTURE  CONDITIONS. 
HYPOTHETICAL  FREQUENCY  .VNALYSIS  OF  INTERIOR  (NOT  ILLUSTRATED)  MAY  BE 
PERFORMED  FOR  LOW  EXTERIOR  STAGES. 


FIGURE  4.3  Continuous  Record  Simulation:  Discrete  Events 
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b.  Th«  nultipl*  dlsereba  event  aethod  is  siailer  to  the  peciod-o£-reeord 
procedure  in  that  the  concepts  of  coincident  flood  siauiation  are  easy  to 
understand  and  antecedent  noisture  conditions  are  accountable.  Both  methods 
nay  be  influenced  by  short  and  unrepresentative  historic  records.  The  t«fo 
procedures  are  different  in  that  the  discrete  event  analysis  evaluates  fewer 
events,  uses  fewer  paraoeters.  and  generally  is  oore  applicable  for  complex 
hydrologic  systems.  Combining  probability  functions  is  a  distinct  departure 
as  well.  The  discrete  event  method  nay  miss  events  that  impact  on  the 
results,  and  does  result  in  a  less  automated  process  of  analysis  than  the 

per iod-of -record . 

c.  HvdroloKic  tealvsis  Procedures. 

(1) .  The  hydrologic  procedures  typically  applied  to  perform  multiple 
discrete  analyses  of  interior  areas  are  shorn  in  Figure  4.4. 

(2)  The  historic  record  of  exterior  stages  is  reviewed  to  determine  the 
events  which  nay  have  an  is^act  on  interior  flooding.  Dividing  the  record  by 
season  may  be  an  important  consideration.  Unless  seepage  or  overflow  from 
adjacent  areas  or  wave  overtopping  are  significant  problems,  events  must  occur 
coincidently  with  interior  events  that  result  in  damage  when  the  gravity 
outlets  are  closed.  The  event  definition  should  identify  dates,  be  of 
sufficient  length  to  determine  duration  and  seasonal  effects  on  the  damage 
potential,  and  assess  antecedent  moisture  conditions. 

(3)  Balnfall-cunoff  and  interior  routing  procedures  for  blocked  gravity 
outlet  conditions  are  similar  to  those  described  for  period-of-record,  except 
evaluations  are  performed  for  single  historic  events.  Historic  rainfall  data 
must  be  coincident  with  the  exterior  events  selected  for  the  analysis. 

Rainfall  excess  is  applied  to  runoff  transforms  and  routed  to  produce 
hydrographs  throughout  the  interior  system.  Seepage  and  other  inflow 
functions  are  developed.  Total  hydrographs  are  subsequently  routed  through 
existing  gravity  outlets  and  pumping  stations.  The  gravity  outlets  are 
blocked  until  a  positive  differential  head  exists  between  the  interior  and 
exterior. 

(а)  stage-frequency  functions  are  developed  for  gravity  conditions  (see 
paragraph  1-2).  The  events  are  normally  ranked  in  decreasing  order  and  plotting 
positions  established  based  on  the  historic  record  or  hypothetical  events  as 
appropriate.  The  order  assignments  of  the  individual  events  may  change  vrith 
location  in  the  system  and  adjustments  to  hydrographs  resulting  from  physical 
works. 

(5)  Analysis  of  gravity  conditions  normaily  use  hypothetical  frequency 
storm  and  runoff  analyses  for  urban  areas  and  historic  events  for  agricultural 
crop  damage  assessments.  If  historic  events  are  used,  maximum  intensity 
rainfall  is  selected  from  continuous  records  for  the  period  coincident  with 
low  exterior  stage  or  unblocked  gravity  outlet  conditions. 

(б)  Rainfall-runoff  analyses  are  performed  for  the  events  and 

stage- frequency  functions  developed  for  desired  locations.  Events  are  routed 
through  the  line-of-protection  assuming  low  exterior  stage  conditions. 
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FIGURE  4.4  Discrete  Event  Analysis  Schematic 
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Blavation-frequaney  ralationships  ara  davalopad  at  desirad  Locations.  If 
hypothatieal  fraquaney  storms  ara  used,  tha  fraquaney  functions  arc  davaloped 
diractly  from  tha  racurcanca  functions.  For  historic  storms,  tha  avents  are 
rankad  and  pLottins  positions  assignad. 

(7)  Tha  joint  probability  thaoraa  is  usad  to  conbina  tha  fraquancy 
functions  for  biockad  and.uitblockad  gravity  outlat  conditions.  For  annual 
sarias,  for  a  givan  staga  (or  flow)  total  probability  is  aqual  to  tha  sum  of 
tha  probability  at  that  staga  (or  flow)  for  aach  ralationship  minus  tha 
product  of  thair  individual  probabilitias  (to  subtract  probability  of  events 
occuring  in  tha  sasM  yaar).  For  partial  sarias  (with  oultipla  avants  in  a 
year  assuised  to  causa  daoaga)  tha  total  probability  is  the  stm  of  the  two 
(biockad  and  unblocked)  probability  relationships. 

4-7.  Stochastic  Simulation  Procedure. 

a.  Conceptually,  tha  technique  of  stochastic  hydrology  provides  the 
means  for  overcoming  tha  limitations  of  analysis  of  historical  avents. 
Stochastic  hydrology  techniques  can  provide  sequences  of  statistically- Likely 
hydrologic  events,  including  combinations  of  interior  and  exterior  events  that 
may  be  rarer  than  any  yet  observed.  If  a  number  of  such  sequences  can  be  used 
for  tha  required  analyses,  tha  operation  policies  or  design  should  be  more 
resilient  than  those  biased  towards  control  of  a  specific  design  event.  Even 
when  a  specific  design  event  or  historical  sequence  is  employed,  analysis  of 
system  response  to  the  synthetic  saquancas  can  demonstrate  the  sensitivity  of 
design  or  operation  policies  to  the  flow  sequence. 

b.  Practical,  tested  stochastic  hydrology  procedures  have  not  been 
widely  used  for  analyses  required  for  interior  flood  control  studies.  A 
number  of  synthetic  streamflow  generation  models  are  in  use  that  generate 
sequences  of  monthly,  seasonal,  or  annual  flows.  However,  the  primary  need 
for  interior  drainage  studies  is  for  saquancas  of  daily  or  hourly  flows. 
Operational  models  that  generate  such  sequences  are  not  now  readily 
available.  Ceneration  of  synthetic  precipitation  events  analyzed  with  a 
rainfall-runoff  model  to  develop  the  required  sequences  is  an  alternative 
approach;  and.  operational  tools  to  accomplish  this  have  been  tested  in  an 
experimental  mode.  Ongoing  research  may  ultimately  provide  practical 
stochastic  simulation  methods.  Analysts  should  be  alert  to  opportunities  to 
apply  such  technology  as  it  becomes  more  accepted  and  applicable  for 
continuous  record  type  of  analyses.  Figure  4.5  presents  a  conceptualization 
of  applications  of  stochastic  simulation  procedures. 

4-8.  Coincident  Frequency  Methods. 

a.  Overview .  Coincident  frequency  is  one  of  several  probabilistic 
methods  that  can  be  used  to  perform  interior  area  analysis.  Coincident 
frequency  methods  for  performing  hydrologic  analyses  of  interior  areas 
normally  apply  the  total  probability  theorem  to  generate  stage- frequency 
functions  for  interior  areas  affected  by  coincident  interior  and  exterior 
flooding.  The  procedure  is  directly  applicable  to  areas  where  occurrence  of 
the  exterior  and  interior  events  are  independent.  These  areas  often  include 
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FIGURE  4*5  Continuous  Record  Simulation:  Stochastic  Concepts 


relatively  sxnall  interior  areas  Located  alon^  lars^  rivers «  Lakes ,  or  coast 
lines.  Variations  in  the  procedures  presented  may  be  used  to  perform  similar 
assessments  of  dependent  interior  and  exterior  event  occurrences  based  on 
particular  study  conditions  and  data  availability.  Figure  4.6  depicts  the 
general  concepts. 


autation  Method. 


(1)  The  coincident  frequency  approach  utilizes  a  series  of  hypothetical 
single  event  hydrographs  for  the  interior  analysis  and  stage-duration  (stage 
versus  percent  of  time  exceeded)  for  exterior  stages.  The  methods  are  applied 
for  detention  storage  Levels  adjacent  to  the  Line-of -protect ion.  Basic  steps 
in  the  approach  are  defined  beloiii  and  depicted  in  Figure  4.7. 
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■XTEmOII  eONOITtONS  INTBfllOfl  CONDITIONS 


%  TMe  EXCEEDED  INTERIOR  FREQUENCIES  COINCIDENT 

exterior  PP.0BA3ILITY 

STAGES 


FIGURE  4.6  Coincident  Frequency  Concepts 


step  I.  A  stage-duration  function  is  developed  for  exterior  stages  and 
divided  into  appropriate  segments.  The  aiddle  vaiue  of  each  segment  is 
takenas  an  index  river  stage.  The  segment  interval*  for  the  duration 

represents  the  probability  of  the  interval.  The  sum  of  the  probabilities  must 
equal  1*  i.e.,  X  P^®i^  *  i- 

Step  2-  A  series  of  hypothetical  frequency  events  are  analyzed  for  each  of 
the  exterior  tailwater  conditions.  A  stage- frequency  (PCA/B^)  function  is 
developed  for  each  exterior  tailwater  condition. 

Step  3.  The  coincident  detention  elevation  (at  the  outlet)  vs.  exceedence 
probability  functions  are  developed  from  the  conditional  probability  curves 
using  the  total  probability  theorem*  where: 
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Analyze  range  o£ 
hypothetical  interior 
runoff  events  for 
various  frequencies 
and  stage  levels. 


RUNOFF  PROBABILITIES 
P(A/B.) 


COINCIDENT  FREQUENCY 


Develop  weighted 
(coincident)  probability 
functions  for  "without'* 
condition. 


Redo  steps  2  and  3 
for  each  alternative 
affecting  stage  - 
fr0quency  relationships 
of  interior  areas 
adjacent  to  line-of- 
protection 


COINCIDENT  FREQUENCY 


FIGURE  4.7  Coincident  Frequency  Procedures 
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n 

P(A)  «  I  (PCA/Bi)  X  P(Bi)) 
iml 

vlMCtt:  P{A)  ai  probability  of  axcaadins  a  sivati  interior  pond  ins  elevation 
P(B£)  »  probability  river  is  at  the  specific  stase  interval  (i). 

where  i  assuaes  full  ranse  of  values  which  have  affect  on 
pond  elevation. 

P(A/Bi)  •  probability  of  exeeedins  a  given  pond  elevation  if  the 

river  stage  is  at  the  stage  interval  described  in  step  1. 

Step  4.  Steps  2  and  3  are  repeated  for  each  alternative  of  gravity  outlet  and 
puaping  stations  analysed. 

(2)  The  coincident  frequency  methods  typically  require  less  data  than 
continuous  record  techniques.  In  general,  the  procedure  is  easier  to  apply 
and  calibrate  for  urban  interior  analyses  than  methods  involving  continuous 
record  simulation.  Use  of  hypothetical  frequency  hydrographs  (peak,  volume, 
and  all  durations  are  statistically  consistent  with  the  percent  chance 
exceedance  assignment  of  the  event)  reduces  the  chance  for  nonrepresentative 
results  that  might  occur  from  procedures  using  historic  records.  Seasonal 
analyses  aspects  for  agricultural  or  other  such  analyses  may  be  performed  by 
generating  and  weighting  the  information  by  seasons  and  weighting 
appropriately  to  obtain  annual  values*  However,  in  practice,  these  procedures 
have  not  been  fully  developed  and  are  less  direct  than  from  continuous  record 
simulation  methods. 

(3)  The  coincident  frequency  concepts  for  analyzing  interior  areas  are 
more  difficult  to  explain  (in  lay  terms)  and  understand  than  period-of-record 
concepts.  The  assumption  of  independence  of  events  may  not  be  valid.  Also, 
the  method  does  not  provide  direct  means  for  estimating  operational  costs  and 
impacts  of  damage  resulting  from  timing  and  duration  of  flooding  that,  for 
example,  might  be  important  in  evaluating  agricultural  crop  damage. 

c.  Analysis  Procedures. 

(1)  Overview.  The  analytical  procedures  using  the  coincident  frequency 
methods  vary  with  individual  studies,  figure  4.8  illustrates  the  general 
analysis  process. 

(2)  Delineation  of  Area.  Delineate  watershed  subbasin  boundaries  and 
establish  damage  reach  index  locations  where  hydrologic  data  (discharge  or 
elevation-frequency  functions)  are  required. 

(3)  Exterior  Stage  Data.  Develop  stage-duration  (percent  of  time  stage 
is  exceeded)  relationships  at  primary  outlet  locations.  The  relationships  are 
typically  developed  using  historic  gaged  data.  The  data  are  often  transferred 
from  a  nearby  gage.  Adjustments  may  be  needed  if  exterior  stage  differences 
between  the  gage  location  and  study  location  are  significant. 

(4)  Rainfall-Runoff  Analysis .  Rainfall-runoff  analysis  of  the  interior 
area  is  performed  to  generate  stage- frequency  relationships  at 
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FIGURE  4.8  Coincidenc  Frequency  Analysis  Schematic 
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dasirad  locations.  Hypothatieal  fraquancy  storas  ara  davalopad.  and  appliad 
to  loss  rata  functions  to  obtain  rainfall  axeass.  Tha  axeass  is  appliad  to 
runoff  transfoms  to  produea  runoff  hydrographs  which  ara  subsaquantly 
eonbinad  and  routad  throushout  tha  systaa.  Tha  rasults  aay  ba  calibrated  to 
obsacvad  events,  flood  daaaga  inforaation,  or  other  Iteas  such  as  frequency 
of  ovartoppixtg  of  roads  and  bridges. 

(5)  Stasa-Praouanev  Fuinctiens.  Staga-fraquancy  functions  ara  developed 
conventionally  at  interior  locations  not  affected  by  tha  coincident  interior 
flooding.  For  areas  affected  by  coincident  flooding  (adjacent  to  tha 
lina-of-protaction) ,  tha  coincident  fraquancy  weighting  mathod  as  previously 
defined  and  depicted  in  Figures  4.6  and  4.7  is  applied  to  generate  the 
stage-frequency  relationship. 

(6)  Iteration  of  Alternative  Plans.  Repeat  steps  (4)  and  (5)  for  future 
without  conditions  and  for  each  of  the  alternative  plans.  The  results,  along 
with  the^ existing  without  conditions,  are  interfaced  with  evaluations 
perfomed  by  other  study  elenents. 

4-9 .  Procedure  Selection. 

a.  The  selection  of  procedures  for  hydrologic  analyses  of  interior 
flooding  is  dependent  upon  the  relationship  of  several  factors,  such  as  the 
nature  of  the  study,  characteristics  of  the  study  area,  local  institutional 
policies  and  practices,  and  experience  of  the  analyst. 

(1)  Several  of  these  factors  are  interrelated  in  that  there  is  generally 
a  relationship  between  the  type  of  study  and  complexity  of  the  physical 
system.  Items  of  institutional  policies  and  professional  staff  experience 
ace  often  the  overriding  factors.  It  is  also  important  to  acknowledge  that 
the  several  methods  aay  be  applied  with  varying  amounts  and  accuracy  of  data 
so  that  it  is  possible  to  tailor  the  procedures  to  the  stage  of  an 
investigation. 

(2)  Studies  that  seek  general  feature  answers  (e.g.,  early  stages  of 
Survey  feasibility  studies)  for  simple  systesis  without  complex  coincident 
flooding  may  use  conventional  event  analysis  approaches.  As  the  complexity 
of  the  coincidental  aspects  increased,  the  methods  generally  described  herein 
become  important.  Uhere  coincident  events  are  clearly  independent  and  the 
system  is  simple,  the  coincident  frequency  method  is  likely  to  he  acceptable 
and  more  efficient  for  early  to  mid-stage  planning  investigations.  Where 
coincident  events  are  found  to  be  less  than  completely  independent,  the 
continuous  record  simulation  methods  of  period-of-record  and  discrete  event 
analysis  are  generally  acceptable  methods.  The  multiple  discrete  events 
method  is  normally  more  adaptable  to  complex  interior  physical  systems  than 
is  the  commonly  applied  period-of-record.  Although  presently  untested  in 
interior  analysis  settings,  the  stochastic  class  of  methods  provides  an 
opportunity  to  analyze  simple  systems  where  the  historic  record  is  short 
and/or  there  is  need  to  evaluate  operational  strategies  for  several 
alternative  hydrologic  sequences  other  than  those  observed.  As  studies 
progress  to  design  level  detail,  period-of-record  procedures  (for  the 
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slmpltr  systaas)  and  nultipla  discreta  avants  foe  tha  more  complex  systems  are 
likely  to  be  found  as  the  appropriate  aathods. 

b.  Tha  salaetion  of  a  stratasy  for  tha  hydrolosie  analysis  that  is 
affieant  and  adaptable  to  tha  several  atasas  of  a  specific  study  is  an 
important  step  toward  obtainins  viable  results  for  tha  study.  Due  to  tha 
uniqueness  of  each  study,  tha  stratasy  should  be  custom  dasisnad,  us  ins 
analytical  nathods  that  ara  applieabla  to  tha  study  condition,  the  data,  and 
tha  flood  loss  reduction  measure  assassmant  raquiramants. 
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CHAPTEB  5 

FLOOD  LOSS  REDUCTION  MEASURES 


5-1.  General. 

a.  A  broad  ranga  of  potential  flood  loss  reduction  measures  and 
perfon&ance  standards  should  be  addressed  in  planning  investigations.  These 
measures  may  be  structural  or  nonstructural. 

b.  This  chapter  defines  a  broad  array  of  measures  for  reducing  flood 
related  losses  in  interior  areas.  Emphasis  is  on  the  applicability  of  each 
measure  as  it  relates  to  interior  areas.  Hydrologic  analysis  aspects  of  the 
measures  are  also  presented.  The  measures  have  been  classified  for  discussion 
purposes  into: 

(1)  physical  measures  at  line-of-protection, 

(2)  physical  measures  remote  from  line-of-protection,  and 

(3)  nonstructural  measures. 

Physical  measures  at  the  line-of-protection  include  the  main  levee  or  wall 
C line-of-protection) •  gravity  and  pressure  outlets;  interceptor  sewers, 
detention  storage,  and  pumping  facilities.  Physical  measures  remote  from  the 
line-of-protection  include  diversions,  channels,  reservoirs  (detention  or 
retention  basin),  and  interior  levees  or  walls.  Nonstructural  toaasures 
include  permanent  measures  for  existing  structures,  measures  to  manage  future 
development,  and  flood  warning-emergency  preparedness  actions. 

5-2-  Physical  Measures  at  Line-of-Protection. 

a.  Main  Levees  or  Flood  Walls.  These  measures  comprise  the 
line-of-protection  that  prevent  direct  flooding  from  rivers,  lakes,  or  tidal 
waters.  Implementation  of  these  barriers  creates  the  interior  area  by 
intercepting  interior  runoff  and  seepage  at  the  line-of-protection. 

(1)  Major  alignment  considerations  of  the  line-of-protection  should  be: 

(a)  minimization  of  the  interior  area  contributing  to  runoff  with  proper 
locations  of  tie  back  levees,  use  of  pressure  conduits,  and  diversions  out  of 
the  area; 

(b)  right-of-way  and  preservation  of  natural  conveyance  and  storage  areas; 
and 


(c)  minimization  of  volume  of  wave  overtopping  design  freeboard  of  the 
line-of-pcotection  so  that  if  it  occurs  it  will  take  place  in  a  planned  manner 
(e.g..  Least  damaging,  safe  location). 
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(2)  Hinisnum  interior  facility  capacity  throush  the  line-of  protection 
shall  be  provided  as  defined  in  parasraph  3- 2b. 

(3)  Flood  mmins*preparednes8  plans  should  be  considered  as  necessary 
components  to  the  line-of^protection  for  urban  areas.  Associated  actions, 
described  later,  may  reduce  the  threat  of  catastrophic  loss  of  life  and 
property  should  failure  occur  in  the  line-of-protection. 

b.  Gravity  Outlets. 

(1)  Gravity  outlets  are  defined  as  culverts,  conduits,  or  other  openings 
(through  the  line-of-protection)  that  permit  discharge  of  interior  waters 
through  the  line-of-protection.  The  size  of  interior  detention  basins  at  the 
intake  of  the  gravity  outlet  are  based  on  the  economic,  environmental,  and 
social  aspects  associated  irith  the  outfall  ditch,  gravity  conduit,  and  ponding 
area  analyzed  as  a  collective  system,  the  size  selection  must  be  based  on  the 
functional  operation  of  the  outlet  for  a  range  of  expected  events  and  not  on  a 
single  design  event. 

(2)  Where  possible,  gravity  outlets  should  be  located  at  or  near  where 
the  line-of-protection  intersects  the  natural  or  existing  conveyance  system  or 
detention  area.  It  is  normally  more  feasible  to  provide  one  large  gravity 
outlet  than  several  smaller  ones.  This  may  require  an  interceptor  system 
along  the  line-of-protection. 

(3)  Gravity  outflow  rating  functions  are  normally  required  to  assess  the 
outlfow  conditions  of  the  major  outlets.  Hating  functions  should  be 
developed  for  primary  gravity  outlets  but  may  be  combined  for  secondary 
outlets.  Interior  area  discharge  rating  curves  for  gravity  outlets  are 
determined  for  a  range  of  low  and  high  tailwater  conditions. 

(4)  Gravity  outlet  operational  criteria  are  normally  determined  in  the 
design  level  of  study.  Existing  gravity  outlet  operation  criteria  should  be 
obtained  from  the  agency  responsible  for  operating  the  interior  system. 
Analysis  of  modified  operation  procedures  is  part  of  the  plan  formulation 
process,  normal  operational  criteria  will  be  to  release  water  to  attempt  to 
follow  the  lowering  of  the  interior  stages  while  maintaining  a  small  positive 
head.  The  lag  time  between  interior  and  exterior  peak  stages  may  be  a 
critical  factor  in  the  operation  specifications. 

(5)  Detention  storage  near  the  line-*of-protection  can  reduce  the  capacity 
needed  for  outlets.  Conveyance  channels  must  be  sized  appropriately  to  assure 
that  design  flows  are  conveyed  to  gravity  outlets,  pumping  stations,  and/or 
detention  basins  at  acceptable  elevations.  Flood  forecasting  measures  may 
facilitate  gravity  outlet  operation. 

(6)  The  specific  dimensions.  Invert  elevation,  headwaLLs  and  tailwails 
and  gate  configuration  of  the  gravity  facility  are  normally  considered  to  be 
determined  by  hydraulic  design  studies  and  are  therefore  not  discussed  in 
detail  in  this  manual. 
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C.  Dafcantion  Araaa  Adjacent  to  Line-of-Proteebion. 

(1)  Th*  us*  of  datsntion  ar*«s  can  significant!/  r«duc*  tha  gravity 
outist  and  punping  station  size  and  costs.  A  dstantion  basin  nay  also 
inemaa*  th*  raliabillty  of  th*  systan  by  providing  additional  tin*  for 
appropriat*  oparation  bafora  danaging  watar  lavals  occur.  A  datantlon  area 
nay  ba  natural  or  excavated  sunps»  or  induced  tanporary  ponding  on  vacant  lots 
or  areas,  and  straats  and  parl^  Only  a  fau  areas  are  typically  available  or 
salactad.  and  an  interceptor  systan  to  collact  and  convey  runoff  along  the 
lina-of-protaction  is  generally  required. 

<2)  Topography,  existing  conveyance  patterns,  and  land  us*  usually  govern 
the  approximate  locations  of  detention  areas.  Detention  areas  are  normally 
located  adjacent  to  th*  gravity  outlet  or  pumping  station,  but  may  be  remote 
from  these  facilities,  connected  by  appropriately  sired  channels. 

(3)  Implementing  nonstructural  measures  for  surrounding  structures  to 
gain  inereawntal  storage  versus  increased  capacity  of  gravity  outlet  or 
pushing  facilities  may  be  warranted  in  urban  settings. 

(A)  Detention  basins  can  be  designed  to  be  environmentally  attractive  and 
contribute  to  community  social  goals  in  urban  areas  whan  used  as  parks  and 
open  spaces  during  periods  when  not  needed  for  runoff  storage. 

(5)  Management  of  the  functional  integrity  of  the  detention  basin  by 
preventing  development  encroachment  and  subsequent  loss  of  storage  capacity  is 
critically  unportant.  Local  agency  agreements  should  specify  requirements  for 
maintenance  of  detention  basin  functional  integrity  throughout  the  project 
Life. 


(6)  Hydrologic  analyses  should  assess  the  impact  of  future  development 
(voLusie  of  runoff)  in  terms  of  additional  storage  requirements  of  the 
detention  basin. 

d.  Pump  Stations. 

(1)  Pumps  are  designed  to  lift  storm  water  and  other  interior  flows  over 
or  through  the  line-of-protection  to  the  exterior  river,  lake,  or  coastal 
area.  Pump  stations  operate  to  reduce  duration  of  ponding  %fhen  flow  through 
gravity  outlets  is  precluded  or  impeded  by  high  exterior  stages. 

Consideration  should  be  given  to  setting  these  elevations  so  that  the  pu^s 
may  be  operated  at  least  once  or  twice  annually  for  maintenance  and  testing 
purposes.  Pumps  may  be  used  for  storm  runoff,  ground  wter  and  seepage,  water 
accumulated  from  overtopping  waves,  and  mixed  flows  with  sanitary  sewage. 
Implementation  of  pump  stations  is  generally  considered  after  analysis  of 
gravity  outlets  and  detention  storage,  since  the  initial  and  continuous 
operational,  maintenance,  and  power  costs  of  the  stations  are  commonly 
significantly  greater  than  that  of  other  measures.  For  areas  where  the 
interior  and  exterior  flooding  is  highly  dependent  (high  likelihood  of  blocked 
drains  coincident  with  interior  flooding),  pumping  may  be  the  only  means  to 
significantly  reduce  interior  flood  losses.  For  areas  with  independent 
interior  and  exterior  flood  conditions  and  where  coincident  flooding  is  not 
likely,  pumping  facilities  may  not  be  required. 
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(2)  Puaping  station  justification  is  part  of  ths  planning  process.  The 
feasibility  of  pumping  stations  is  based  on  economic  and  other 
considerations.  In  general,  the  without  pump  condition  (with  gravity  outlets 
and  detention  storage  iaplemented)  must  indicate  adverse  effects  under  present 
and  the  most  likely  future  conditions.  The  impleaientation  of  a  pumping 
station  must  reduce  the  adverse  effects  sufficiently  to  justify  the 
construction  and  operation  of  the  facility.  Finally,  it  must  be  demonstrated 
that  the  implementation  of  a  pumping  station  is  the  most  effective  means  of 
reducing  the  adverse  effects. 

(3)  Pumping  stations  are  normally  located  adjacent  to  the  line-of 
protection.  Homally  a  larger  capacity  station  is  more  desirable  than  several 
smaller  ones.  The  station  should  be  aligned  in  a  manner  which  enables  direct 
flow  patterns  into  the  forebay  from  the  conveyance  channel  or  detention 
areas.  Gravity  outlets  may  be  offset  if  located  near  pumping  stations  %fhere 
sufficient  direct  flow  access  to  both  the  pump  and  gravity  outlets  is 
unavailable. 

(4)  Hydrologic  analyses  for  planning  investigations  normally  provides 
hydrologic  data  to  determine  the  feasibility,  location,  and  total  capacity  of 
the  pumping  stations. 

(5)  Hydrologic  analyses  performed  under  design  studies  typically  refine 
and  detail  the  hydrologic  results  developed  in  the  planning  investigations. 

The  number  and  types  of  pumps  are  determined  to  provide  the  total  capacity 
developed  in  the  planning  study.  Pump  on-off  elevations  are  specified. 

Pumping  heads  for  efficiency  and  starting  assumptions  are  specified  for 
various  combinations  of  interior  and  exterior  stage  conditions.  Hydrologic 
analysis  of  pustping  stations  at  the  design  level  must  be  closely  coordinated 
with  other  engineering  design  activities. 

(6)  First  or  operation  floor  elevations  of  pumping  stations  should  be,  as 
a  minimum,  at  or  above  ground  level  to  provide  convenient  access  to  equipment, 
eliminate  need  for  protection  against  ground  water,  and  to  simplify  the 
ventilation  of  the  operation  areas.  The  consequence  of  exceeding  pump  design 
stage  must  be  evaluated. 

(7)  Pumping  and  gravity  outlet  effects  on  exterior  stages  and  operation 
of  other  downstream  gravity  outlets  should  be  considered  in  locating,  sizing, 
and  designing  the  pumping  station. 

(8)  The  pumping  station  capacity  in  urban  areas  is  generally  determined 
by  the  physical  performance  of  the  facility  and  its  effect  on  flood  damage 
reduction,  costs,  and  environaiental  and  social  factors.  Station  capacities  in 
rural  (agricultural  type  damage)  areas  are  more  commonly  based  on  economic 
optimization. 

e.  Intercepting  Sewers  or  Channels.  These  conveyance  systems 
interconnect  two  or  more  existing  sewers  or  channels  within  the 
line-of-protection  for  the  purpose  of  conveying  their  flows  to  gravity 
outlets,  ptjmping  stations,  or  pressure  conduits,  for  combined  discharge 
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through  the  line-of-pcotection.  Interceptor  systems  are  designed  to  minimize 
the  number  of  gravity  outlets «  pumping  stations,  and  pressure  conduits. 

f.  Pressure  Conduits.  Pressure  conduits  are  pipes  or  closed  conduits 
designed  to  convey  interior  flood  waters  through  the  line-of-protection  under 
internal  pressure.  The  inlet  to  the  pressure  conduit  must  be  at  a  higher 
elevation  than  the  river  stage  against  which  it  functions.  Some  pressure 
conduits  may  serve  as  discharge  lines  for  pumping  facilities.  The  use  of 
pressure  conduits  reduces  the  contributing  interior  runoff  area  and  the 
magnitude  and  volume  of  flood  waters  that  must  be  handled  by  other  flood  loss 
mitigation  tMasures. 

5-3.  Physical  Measures  Remote  From  Line-of-Protection. 

a.  General.  Measures  are  comprised  of  traditional  structures  such  as 
channels,  diversions,  interior  levees,  and  storage  reservoirs  remote  from  the 
line-of-protection.  Their  functional  capability  is  therefore  essentially  the 
same  as  with  any  other  planning  or  design  investigations  involving  flood  loss 
reduction  measures.  Consequently,  only  the  interrelationship  with  other 
specific  interior  measures  will  be  emphasized. 

b.  Channels.  Conveyance  channels  reduce  flood  losses  for  damage  centers 
remote  from  the  Line-of-protection  and  collect  and  transport  runoff  and  other 
interior  mters  to  gravity  outlets,  pumping  stations,  and  pressure  conduits. 
Where  possible,  channels  should  follow  natural  drainage  and  conveyance 
routes.  When  this  is  not  possible,  consideration  should  be  given  to  locating 
channels  near  and  parallel  to  the  line-of-protection.  Channels  may  be 
required  in  combinations  with  detention  basins  to  connect  with  gravity  outlets 
or  pumping  stations,  and  as  exterior  connections  from  the  outlet  works  of 
gravity  or  pressure  conduits  or  pumping  stations  to  the  river,  lake,  or 
ocean.  The  planning  task  is  to  approximately  size  and  locate  the  channel 
system.  The  design  task  is  to  perform  final  design  in  terms  of  size, 
location,  gradient,  and  auxilary  control  features  of  erosion  protection  and 
grade  control. 

c-  Diversions.  Diversions  are  used  to  transfer  ail  or  portions  of  the 
runoff  from  one  location  to  another.  Diversions  may  be  made  to  collect  flow 
for  pressure  conduits,  to  transfer  flow  out  of  the  basin  (reduce  the 
contributing  area),  and  to  collect  flow  from  areas  to  gravity  outlets  and 
pumping  stations,  thereby  enabling  fewer  facilities.  Diversions  may  be 
designed  to  pecmamently  alter  conveyance  systems  or  to  operate  only  for 
discharges  above  (and  below)  certain  values.  Diversions  may  be  uncontrolled 
or  operated  as  part  of  a  coordinated  system.  Diversions  may  also  be  used  to 
bypass  flow  around  damage  centers. 

d.  Remote  Detention  Areas  or  Reservoirs.  Remote  detention  basins 
(reservoirs)  have  characteristics  similar  to  those  described  for  detention 
basins  adjacent  to  the  line-of-protection  described  in  paragraph  5-2c. 
Bottomland  detention  basins  may  be  natural  sinks,  oxbow  lakes,  or  excavated 
sumps,  or  may  be  formed  by  levees.  Hillside  or  bluff  basins  are  really 
conventional  reservoirs.  Implementation  of  the  remote  basins  may  regulate 
flow  to  reduce  the  size  of  downstream  interior  flood  loss  reduction  measures. 
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Oanage  raductions  at  saveral  downstrean  locations  nay  be  aehiaved,  in  contrast 
to  local  protaetion  works  which  are  affective  only  at  their  Individual  damage 
center.  Detention  basins  may  also  retain  sediment  from  the  hillside  or  bluff 
areas  and  thus  eliadnate  it  as  an  interior  area  problem. 

e.  Interior  Levees  and  Malls.  Interior  levees  and  walls  along 
conveyance  channels  may  be  implemented  as  local  interior  protection  features. 
These  barriers  are  normally  Lower  in  height  than  the  conventional  main  levees 
and  thus  failure  is  less  likely  to  result  in  catastrophic  loss.  If  the 
barriers  are  of  sufficient  height,  and  dasiage  potential  from  failure  great, 
they  are  considered  the  same  as  the  main  line  levees  or  walls.  The  interior 
levees  may  create  secondary  interior  flooding  problem  that  must  be  considered, 
though  the  magnitude  would  likely  be  minor,  l^lementation  of  these  measures 
must  owet  criteria  defined  in  Executive  Order  11988**  and  other  existing 
federal  policy.  Flood  forecasting  emergency-preparedness  plans  should  be  an 
integral  part  of  implementation  of  interior  levees  and  walls  to  reduce  the 
potential  for  loss  of  life  and  property  when  the  situation  trarrants.  See 
criteria  for  main  levees  and  walls  described  in  paragraph  S-2a. 

5-4.  Bonstruetural  Measures. 

a.  Measure  Categories.  Monstruetural  measures  are  categorized  herein 
as: 


(1)  Bteasures  designed  to  permanently  modify  the  damage  susceptibility  of 
existing  structures. 

(2}  measures  designed  to  manage  future  development  and  flood  plain 
activities,  and 

(3)  flood  warning-emergency  prepardness  procedures.  The  measures 
warrant  serious  considerations  in  urban  interior  areas  both  as  stand-alone 
measures  and  as  a  part  of  an  integrated  comprehensive  plan. 

b.  Measures  Which  Permanently  Modify  Damage  Susceotability  of  Existing 
Structures . 

(1)  Several  types  of  nonstructural  measures  are  designed  to  permanently 
modify  damage  potential  of  existing  structures.  They  include:  flood  proofing 
(seals,  earthen  dikes,  and  walls);  raising  existing  structures;  and  relocation 
of  occupants  and/or  structures  (damage  potential)  from  the  specified 
threatened  area.  The  measures  are  designed  to  modify  the  damage  potential  of 
an  area.  They  are  typically  implemented  on  a  localized  scale  (such  as 
neighborhood)  as  opposed  to  structural  and  other  types  of  nonstructural 
measures  which  often  are  designed  to  function  for  larger  areas. 

(2)  Flood  proofing  and  raising  of  structures  to  target  elevations  protect 
structures  and  contents  until  design  limits  are  exceeded.  The  measures, 
applied  to  Individual  or  small  groups  of  structures  are  generally  less 
environmentally  disruptive  than  structural  alternatives.  The  measures  do  not 
reduce  damage  to  vital  services  (i.e.,  water,  gas,  power),  streets,  bridges, 
and  landscaping,  and  (in  most  cases)  only  slightly  reduce  the  social 
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Intact  and  disruption  associated  with  flood  events.  Seals,  wa^s  and  dikes 
are  often  sisnifieantly  less  reliable  than  other  permanent  measures. 

(3)  Permanent  relocation  is  defined  as  the  removal  of  inhabitants  and 
damage  potential  from  the  identified  hasard  area.  Included  ace  the  physical 
flwving  of  a  structure  and  contents  from  the  flood  plain  or  demolition  of  the 
structure  and  moving  inhabitants  and  contents  to  a  new  structure  off  the  flood 
plain.  Oea»lition  of  the  structure  may  not  be  required  if  a  compatible  flood 
plain  use  of  the  structure  can  be  identified. 

(4)  Flood  proofing,  raising,  and  relocation  actions  are  generally  more 
economically  justified  than  structural  measures  when  only  a  few  structures  are 
involved.  Similarly,  implementing  nonstructucal  measures  to  a  few  structures 
to  permit  increasing  the  size  of  a  detention  basin  nay  be  more  attractive  than 
increasing  the  size  of  gravity  outlets  or  pumping  stations. 

c.  Measures  Which  Manase  Future  Development . 

(1)  Management  of  future  development  reduces  losses  by  requiring  flood 
plain  development  and  activities  to  be  operated  or  located  in  a  specific 
manner  commensurate  with  the  flood  hazard.  Land  use  development  can  be 
controlled  by  regulations  such  as  zoning  ordinances,  building  cedes  and 
restrictions,  taxation,  or  purchase  of  land  in  fee  or  by  purchase  of  a  flood 
easement.  Structures  not  precluded  from  flood  plain  locations  by  these 
measures  may  locate  on  the  flood  plain  if  constructed  and  maintained  to  be 
compatible  with  the  recognized  flood  hazard. 

(2)  Regulatory  actions  and  land  acquisition  can  also  bring  about  new  use 
of  the  flood  plain.  The  measures  are  attractive  from  the  perspective  of 
managing  development  to  reduce  the  future  damage  potential  of  the  area  and 
utilization  of  the  flood  plain  for  compatible  purposes. 

(3)  Measures  which  manage  future  development  are  generally  compatible 
with  implementation  of  other  structural  and  nonstructural  measures. 

Regulatory  actions  may  be  incorporated  as  part  of  the  agreements  with  local 
agencies  or  the  local  sponsor.  For  example,  implementation  of  regulatory 
policies  to  preserve  the  storage  and.  functional  integrity  of  detention  basins 
over  the  life  of  the  project  may  be  employed. 

d.  Flood  Foreeastine-Emergencv  Preparedness  Plans. 

(1)  Flood  emergency  preparedness  plans  are  comprised  of  flood  emergency 
management  actions  and  activities  that  reduce  flood  losses  and  minimize  social 
disruption  and  assist  in  recovery  and  reoccupation  of  flooded  areas.  The 
measures  should  not  be  considered  in  lieu  of  other  feasible  permanent 
structural  or  nonstructural  alternatives  due  to  their  temporary  nature  and 
uncertain  reliability  during  flood  episodes.  Preparedness  plans,  however, 
should  be  considered  as  interim  measures  until  other  flood  loss  reduction 
measures  are  impleoiented;  as  companions  to,  or  enhancements  of  such  other 
measures;  and  as  a  means  of  minimizing  the  risk  of  loss  of  life,  flood  damage 
and  social  disruption  if  other  methods  are  not  feasible. 
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(2]  Flood  forocastins-oaorsoney  proparodnoss  plana  are  s*narally .  : 
eonpatiblo  idtb  other  atcuetural  and  nonstruetural  flood  reduction  aeaaures. 
Inpleamtation  is  more  frequent  in  urban  interior  areas  than  in  asrieulburai 
interior  areas.  lap lamentation  of  some  level  of  flood  foreeastins-emerseney 
preparedness  actions  is  usually  feasible  even  if  other  structural  and 
nonstruetural  measures  are  not. 


5-8 


EM  1110-2-1413 
15  Jan  87 


CKAPTEE  6 
SPECIAL  TOPICS 


C#nTal, 

This  chaptsr  addrsssss  spscial  topics  that  are  iarportant  to  tha  planning, 
dasign,  and  oparation  of  intarior  flood  loss  raduetion  systems .  Tha  topics 
are  not  nacessarily  diractly  related  to  hydrology,  but  hydrologic  analysis 
assunptions  and  results  are  integrated  into  tha  concepts  and  oatarial 
presented.  The  special  topics  discussed  include  perfomance  standards,  study 
considerations  of  urban  and  agricultural  areas,  flood  damage  evaluation 
concepts,  and  legal  requirements. 

6-2.  Performance  Standards. 

Guidance  for  performance  objectives  for  interior  flood  control  projects 
are  contained  in  ER  1105-2-20  (Reference  6)  and  ER  1105-2-30  (Reference  7). 

The  Federal  objective  is  to  contribute  to  national  economic  development  (RED) 
consistent  with  protecting  the  environment,  pursuant  to  Rational  environmental 
statutes,  applicable  executive  orders,  and  other  Federal  planning 
requirements*  Various  plans  in  addition  to  the  RED  plan  are  to  be  formulated 
in  a  systematic  tnanner.  The  RED  plan  is  to  be  recommended  for  implementation 
unless  the  Secretary  of  a  department  or  head  of  an  independent  agency  grants 
an  exception.  Exceptions  may  be  for  potential  catastrophic  losses  in  urban 
areas  (Reference  6)  although  catastrophic  loss  potential  is  not  commonly  found 
in  urban  interior  areas.  The  RED  plan  is  to  be  recommended  in  agricultural 
areas . 

6-3.  Study  Concepts  for  Urban  and  Aaricultural  Areas. 

There  is  no  distinction  in  the  planning  and  design  study  processes 
betmen  urban  and  agricultural  areas.  There  is  also  no  direct  distinction 
between  performance  standards  for  urban  and  agricultural  areas.  However, 
urban  areas  often  produce  through  the  study  process  the  need  for  higher  levels 
of  protection  than  agricultural  areas,  because  the  consequences  of  flooding 
are  likely  to  be  of  greater  social  concern  and  solutions  may  introduce  more 
significant  environmental  problems.  As  a  consiKiuence ,  studies  of  urban 
interior  areas  often  surface  a  more  complex  mix  of  alternatives  and  measures 
based  on  economic,  social,  and  environxtLental  factors  than  agricultural  areas 
which  typically  yield  systems  that  produce  maximum  net  economic  benefits. 

This  does  not  preclude,  however,  the  need  throughout  the  study  process  for 
careful  consideration  of  potential  social  and  environmental  impacts  for 
agricuLtucai  areas. 

6-4 ,  Flood  Damage  Evaluation  Concepts. 

a.  Flood  damage  evaluations  of  interior  areas  are  complex.  Figure  6.1 
presents  a  conception  of  the  damage  frequency  relationships  for  these 
conditions.  The  sketch  represents  the  simplified  condition  of  complete 
aon-co incidence,  but  is  nonetheless  an  important  conceptualization. 
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FIGURE  6.1  Flood  Damage  -  Frequency  Relationship  Concepts 
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b.  Coadibion  I  displays  the  total  damage  frequency  function  for  damage 
canter  C  for  the  without  conditions.  Without  conditions  are  defined  as 
without  the  main  levee  or  wall  and  without  any  interior  flood  loss  mitigation 
measures.  The  damage-frequency  relationship  for  damage  center  C  is  equal  to 
the  sum  of  the  individual  functions  for  the  river  (A)  and  interior  runoff 
(B).  Bach  function  is  developed  as  if  the  other  did  not  exist,  then  the  two 
are  simply  added. 

e.  Condition  2  illustrates  the  resulting  damage- frequency  relationship 
for  damage  center  C  after  the  main  levee  or  flood  wall  and  interior  flood  loss 
reduction  measures  are  iavlemented.  The  function  generated  in  Condition  la 
for  without  conditions  is  truncated  at  the  level-of-protection.  The  figure 
for  Condition  2b  interior  flooding  illustrates  the  damage- frequency  function 
(residual)  at  damage  center  C  after  imp lamentation  of  proposed  interior  flood 
loss  reduction  measures,  such  as  enlarged  gravity  outlets  and/or  pumping 
stations. 

d.  The  benefit  analysis  susmury  is  also  conceptualized  in  Condition  2. 
The  benefit  is  the  area  under  the  without  conditions  damage-  frequency  curve 
minus  the  area  under  the  residual  damage  curve  for  both  the  main  levee  and  the 
interior. 


e.  If  instead  of  complete  non-coincidence,  complete  coincidence  had  been 
sketched  and  analyzed,  the  benefits  attributable  to  interior  measures  would  be 
different.  The  benefits  would  be  less  by  the  hatched  damage  frequency  block 
in  2b  that  represents  events  exceeding  the  levee  protection  level.  This  is 
because  interior  events  more  rare  than  the  line-of-protaction  design  level 
could  not  accrue  interior  benefits  . . .  the  design  line-of-protaction  would 
have  already  failed. 

6-S.  Lexal  Requirements. 

a.  The  capability  of  an  interior  flood  loss  reduction  system  to  function 
over  the  project  life  oust  be  assured.  This  often  requires  legally  binding 
comsiitments  from  the  local  sponsors  of  the  project  to  properly  operate  and 
maintain  the  system.  Beal  estate  interest  required  and  specifications  for 
operating  and  maintaining  detention  storage  areas,  pumping  facilities,  and 
conveyance  nettrarks,  should  be  integral  to  all  agreements  for  implementation 
of  interior  system  of  flood  loss  mitigation  measures. 

b.  Those  Items  that  the  local  sponsor  must  provide  as  a  condition  for 
federal  participation  in  a  local  project  are  commonly  referred  to  as  the  a,  b, 
c's,  and  usually  derived  at  least  in  part  from  Section  3,  Public  Law  738,  74th 
Congress  -  Flood  Control  Act  of  1936. 

"..Sec  3.  That  hereinafter  no  money  appropriated  under  authority  of 
this  Act  shall  be  expended  on  the  construction  of  any 
project  until  States,  political  subdivisions  thereof,  or 
other  responsible  local  agencies  have  given  assurances 
satisfactory  to  the  Secretary  of  War  that  they  will  (a) 
provide  without  cost  to  the  United  States  all  lands, 
easements,  and  rights-of-way  necessary  for  the  construction 
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of  ttio  project,  except  as  otherwise  provided  herein;  (b) 
hold  and  save  the  United  States  free  froa  daaasaa  due  to 
the  eonstruetion  t#orks;  (c)  aaintain  and  operate  all  the 
tiorks  after  coopletion  in  accordance  with  resulatlons 
prescribed  by  the  Secretary  of  Uar: . ** 

This  act  has  been  subsequently  asaended  by  Section  9  of  the  Water  Resources 
OevelopsMnt  Act  of  1974  (Public  Law  93-'2Sl).  Regulations  ware  prescribed  by 
the  Secretary  of  Army  for  amintenanea  and  operation  under  Section  7,  58 
Statutes  890;  33  USC  709. 

c.  31  Oecaaber  1970,  Public  Law  91>811  -  River  and  Harbor  and  Flood 
Control  Act  of  1970,  Section  221,  provides  that  the  eonstruetion  of  any  water 
resources  project  aust  not  be  comwneed  until  each  non-Federal  interest  has 
entered  into  a  written  agreeaent  to  furnish  its  required  cooperation  for  the 
project  (84  Stat.  183,  42USC  1962d-5b). 

d.  The  Federal  and  non-Federal  participation  in  the  plan  should  be 
developed  and  described  in  the  authorizing  docxiaent  in  a  logical  manner  as 
follotrs: 

(1)  State  the  objectives  and  benefits  expected  to  be  achieved  by  the 
proposed  plan.  Provide  specific  information  on  the  reduction  in  flood  depths 
(elevation),  duration,  damages,  etc.,  not  just  general  statements. 

(2)  Describe  all  features  of  the  plan  necessary  to  achieve  the  objectives 
and  benefits,  not  just  the  Federally  constructed  parts.  This  includes  all 
structural  and  non-structural  features,  including  any  ponding  areas  and  any 
other  local  actions  needed  (which  local  cooperation  requirements  will  cover). 

(3>  Define  the  functional  and  operational  requirements  of  each  feature  in 
specific  terms:  the  necessary  storage  volume  should  the  ponding  areas; 
gravity  drain  capacity;  gate  closing  elevations;  pumping  capacity;  and  the 
time  equipment  and  manpower'  required  to  close  the  closure  structures,  etc. 

(4)  Present  the  capability  of  local  interest  to  operate  and  maintain  the 
plan.  Also,  present  and  discuss  legal  and  financial  capabilities  and 
constraints  that  influence  plan  selection  and/or  operation.  For  exasiple,  it 
nay  be  necessary  to  acquire  a  legal  interest  in  ponding  areas  or  channels 
where  local  interest  does  not  have  the  legal  capability  to  assure  the  required 
capacity  by  other  means. 

(5)  Discuss  operation  and  maintenance  requirements  in  general.  Provide  a 
complete  discussion  of  those  requirements  specific  to  the  proposed  plan  not 
covered  adequately  in  Title  33  CFR. 

(6)  In  the  section  normally  referred  to  as  local  cooperation,  describe 
what  locals  must  do  as  a  condition  to  Federal  participation.  Describe  project 
features  and  real  estate  interest  that  local  organizations  aust  provide.  O&H 
requirements  are  usually  referred  to  Title  33  CFR.  If  ponding  areas  are 
required,  make  a  specific  statement  to  this  effect. 
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CHAPTEB  7 

BEPOKCIHG  SEQUiaSMEinS 


7-1  •  Gwral « 

Baportins  requiraaants  for  the  several  types  of  studies  are  described  in 
applicable  Engineer  Regulations.  Xn  addition  hydrologic  and  hydraulic 
En8in*«rin8  Technical  Letters  (STL's)  sunsaarlze  the  array  of  hydro lo8ic  data 
that  oust  be  presented  for  plaimin8  reports  and  sussos^  display  formats.  The 
8oal  of  reportin8  (inwesti80tion  findin8S)  should  be  to  describe  in  basic 
terms  the  nature  of  the  flood  problem,  status  and  eonfi8u«tion  of  existins 
system,  proposed  system  and  alternatives,  perfocmance  characteristics  of 
proposed  system,  and  iaiportant  operation  plans.  This  chapter  suEsests  a 
Seneral  structure  for  reportin8  results  of  the  hydrolo8ic  studies  coranensurate 
with  the  basic  concepts  of  plannin8  and  desi8n  studies.  Bote  that  it  is 
occasionally  su88ested  that  economic  and  other  data  be  included  so  that  the 
consequences  of  the  hydrolo8ic  evaluations  may  be  better  jud88d. 

7-2.  Plannine  Considerations. 

a.  General.  Hydrolo8ic  reportin8  requirements  for  feasibility 
investi8ation  should  include  a  description  of  the  without  conditions, 
alternative  flood  loss  reduction  plans  analyzed,  analytical  procedures  and 
assumptions  used,  and  system  implementation  and  operation  factors  influencing 
the  hydrologic  aspects  of  the  study. 

b.  Existing  System.  The  existing  system  will  be  defined  and  displayed 
schematically  and  by  the  use  of  maps,  tables,  and  plates.  The  layout  of  the 
existing  location  of  pumping  stations,  primary  gravity  outlets,  detention 
storage  basins,  and  conveyance  networks  shall  bo  indicated  on  aerial 
photographs  or  other  suitable  cartographic  materials.  Important  environmental 
2sp9£bs,  damage  locations,  and  cultural  features  will  also  be  indicated. 


c.  Mlthout  Conditions. 

(1)  Physical  characteristics  and  features  of  existing  condition  flood 
loss  mitigation  measures  will  be  described  and  shown  in  tables  and  plates. 
Dimensions  of  gravity  outlets,  channels,  and  other  measures  shall  be 
specified.  Area  capacity  (storage-area-elevation)  data  of  detention  storage 
areas  will  be  presented.  Watershed  and  subbasin  boundaries  will  be  shown  on  a 
plate  or  map. 

(2)  The  hydrologic  analysis  approach  adopted,  critical  assumptions,  and 
other  analysis  items  for  existing  conditions  will  be  described  and  illustrated 
as  necessary.  Historic  and/or  hypothetical  storms,  loss  rate  parameters, 
runoff  transform  parameters,  routing  criteria,  and  seepage  will  be  described 
and  depicted  via  tables  and  plates.  Hydrologic  flow  characteristics,  peak 
discharge,  duration,  frequency  and  velocity  information  will  be  presented  for 
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Important  locations  (daaiase  cantors,  high  hazard  areas,  locations  of  potential 
physical  works) .  Seheaatic  flow  diagrams  indicating  peak  discharges  for  a 
range  of  events  will  be  included  for  urban  areas.  Presentation  of  several 
hydrographs  of  oajor  hydrologic 'events,  including  precipitation  and  loss  rates 
and  runoff  transforas,  can  greatly  assist  in  explaining  the  nature  of  flooding. 

(3)  Future  without  conditions  will  be  described  as  they  inpact  on 
hydrologic  conditions,  assumptions,  and  procedures.  Changes  in  runoff  and 
operation  resulting  frin  future  conditions  will  be  described  in  tetns  similar 
to  the  existing  conditions  description  of  paragraph  7-2. e( 2).  Procedures 
adopted  for  parasnter  estimation  for  future  conditions  will  be  described. 

Hydrolocie  Analysis  of  Alternatives. 

(1)  The  location,  dimensions,  and  operation  criteria  of  components  of 
the  alternative  plans  will  be  described  and  depicted  on  tables  and  plates. 
Locations  of  the  alternative  measures  or  plans  will  be  displayed  on  aerial 
photographs  and/or  other  cartographic  materials  so  that  comparisons  %rith 
existing  conditions  may  be  readily  made.  Impacts  of  measures  and  plans  on 
flood  hydrographs  (peaks,  durations,  velocities)  for  a  range  of  events  will  be 
provided  at  similar  locations  as  for  without  conditions.  Display  of  the 
effects  on  hydrographs  of  paragraph  7-2. e( 2)  above  should  be  included. 

Display  of  residual  flooding  from  large  (one-percent  chance  and  Standard 
Project  flood)  events  is  required.  Also  include  tables  of  pumping  rates  that 
impact  on  flood  hydrographs  and  stages. 

(2)  The  hydrologic  description  of  the  various  alternative  plans  will 
include  a  description  of  the  required  local  agreements  and  maintenance 
requirements.  The  hydrologic  consequences  of  failure  to  adequately  fulfill 
these  requirements  will  also  be  presented. 

7-3.  Design  Considerations. 

a.  Hydrologic  material  presented  in  the  design  documents  (CDM  and  FDM) 
will  describe  in  detail  the  hydrologic  system,  and  any  refinements  of  sizes, 
performance  standards,  and  operation  criteria  from  the  feasibility  study.  The 
hydrologic  requirements  for  the  GDH  are  specified  in  ER  1110-2-1150  (10)  and 
summarized  in  the  following  paragraphs. 

(1)  Present  the  basis  and  results  of  hydrologic  and  hydraulic  studies 
requred  to  determine  the  functional  design  and  real  estate  requirements  of  all 
%fater  control  projects. 

(2)  Hydrologic  studies  should  include:  discharge-frequency  relationships; 
Standard  Project  and  perhaps  the  Probable  Maximum  floods;  stage-discharge 
relationships;  flow  duration:  Inundation  limits;  freeboard  determinations; 
existing  and  post-project  sedimentation;  water  quality  and  groundwater 
conditions:  project  regulation  plan;  real  estate  guide  taking  line  elevations; 
criteria  for  relocations  and  other  flowage  right  determinations;  and  criteria 
for  guidance  and  support  of  local  assurance  requirements. 
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(3)  TiM  residual  flood  condition  with  the  selected  plan  in  place  will  be 
described.  As  a  ainisum,  the  infomation  will  include  the  following:  warning 
tine  of  iapending  inundation;  rato>of-risa,  duration,  depth  andveloeity  of 
inundation;  delineation  of  the  best  available  napping  of  the  flood  inundation 
boundaries;  identification  of  potential  loss  of  public  service;  access 
problens;  and  potential  danages.  This  infomation  will  be  developed  for  each 
area  of  residual  flooding  for  historic.  Standard  Project  Flood,  one-  percent 
chance  flood  and  the  flood  event  representing  the  selected  level  of 
protection.  This  infomation  will  be  incorporated  into  the  operation  and 
maintenance  manual  for  the  project  and  disseminated  to  the  public. 

(4)  Hydraulic  study  results  to  be  presented  include:  water  surface 
profiles;  headloss;  velocity;  pressure  conditions;  structural  sizing  for 
design  capacities;  water  control  facilities;  energy  dissipating  facility 
details;  and  erosion  control  requirements. 

(5)  For  coastal  projects,  tidal  fluctuations  and  overtopping  conditions 
should  be  defined. 

b.  Feature  design  memorandum  reporting  requirements  for  hydrologic 
analyses  are  stnnarized  below  (Reference  10): 

(1)  A  summary  of  project  data  applicable  to  the  feature  being  presented. 

(2)  Basic  data  and  criteria  used  in  the  design,  referring  to  the  GOH, 
applicable  engineer  manuals  and  regulations,  guide  specifications,  and  other 
sources  of  criteria. 

(3)  Design  drawings,  sketches,  charts,  diagrams,  maps,  profiles,  or  other 
graphic  data  necessary  to  illustrate  the  design.  The  maps  should  clearly 
identify  all  places  and  names  mentioned  in  the  text  of  the  design  memorandum. 

(4)  Results  of  investigation,  analyses,  and  engineering  computations  made 
for  the  design  of  essential  parts  or  items.  The  information  will  include: 
formulas,  methods,  and  assumptions  used  to  determine  pertinent  design 
features,  flow  characteristics,  and  discharge  capacities.  Also  to  be  included 
are  design  water  surface  profiles,  coefficient  and  discharge  curves,  and  other 
plotted  data  or  tabulations.  Hydrologic  aspects  of  physical  model  tests 
should  be  included  when  the  design  is  based  on  a  model  study. 
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APPSaOIZ  B 

XRBBXOB  ABEl  ASALXSXS  EXAMPLES 


This  Avpsndix  pr«s«n^  axaspl*  proesdurss  for  psrfocving  intorior  aroa 
eoineldant  flood  frsquaney  stulysas  at  outlats  through  tha  lina-of-protaetion. 
Tha  axaaplas  are  for:  (1)  parlod-ef-raeord;  (2)  sultipla  diserata  avants;  and 
(3)  eoineident  fraqumey  analyses  proeaduras,  Exhibits  1,  2.  and  3, 
raspaetivaly.  Tha  axaaplas  aaphasiza  the  eoineidant  analysis  concepts  for 
planning  feasibility  studies.  Hydrologic  and  hydraulic  aspects  of  interior 
areas  are  described  only  in  tha  detail  necessary  to  understand  tha  overall 
analysis  strategy.  Tha  reader  should  not  apply  these  procedures  without 
eoeplete  iinderstanding  of  the  needs  and  peculiarities  of  the  study  area  under 
investigation.  Study  strategies  presented  herein  tiould  likely  re<tuire  sons 
nodifieations  for  application  to  other  study  areas. 
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PEEIOD-OF-RECORO  AHALTSIS  EXAMPLE 


Bl-1*  Pu£22SSL* 

This  BsdiibLt  deseribM  witb  a  cast  axampla  tha  period-of •record  analysis 
procedure  for  performins  bydrolosic  studies  of  a  leveed  interior  area.  The 
exanple  enphasiaes  concepts  In  a  feasibility  study  setting.  The  reader  should 
be  faailiar  with  the  material  in  paragraph  4-5  prior  to  studying  this  example. 

Bl-2 .  General  Study  Background. 

a.  The  Corps  of  Engineers  is  performing  a  feasibility  study  of  remedies 
Cor  interior  flooding  of  the  Kelson  Drainage  and  Levee  District,  an 
agricultural  area  in  the  Smith  Elver  Valley.  The  area  is  protected  from 
direct  river  flooding  to  a  two-percent  chance  exceedance  frequency  event  by  a 
main  levee  and  a  tie  back  levee  (See  Figure  Bl.l).  The  interior  area  consists 
of  5,000  acres  in  the  Smith  River  flood  plain  and  receives  runoff  from  about 
300  acres  of  adjacent  hill  land.  Runoff  is  conveyed  through  the  interior  area 
by  a  network  of  lateral  ditches  and  main  channels.  The  only  outlet  for 
interior  runoff  is  an  existing  gravity  outlet  comprised  of  double  60  inch 
diameter  culverts  through  the  line-*of •protection.  During  large  events  water 
from  the  Olson  Pond  Drainage  and  Levee  District  overflow  into  the  study  area. 

b.  Agricultural  crop  flood  damage  has  resulted  from  ponding  of  local 
runoff  adjacent  to  the  line-of-protection.  Damage  occurs  during  prolonged 
periods  of  blocked  gravity  outflow  caused  by  high  river  stages.  Flooding 
commonly  occurs  in  the  spring  months.  Approximately  one-half  of  the  area  has 
been  inundated  three  times  during  the  past  10  years. 

Bl-3 .  Study  Strategy. 

a.  Reconnaisauice  level  studies  found  that  significant  flood  damage 
potential  existed  in  the  interior  areas  and  that  it  is  justified  to  study 
alternative  flood  loss  reduction  plans.  These  plans  include  combinations  of 
modifications  to  ditches,  channels,  and  gravity  outlets,  and  the  installation 
of  pumping  facilities.  Per iod-of- record  analysis  procedures  are  used  to 
develop  hydrologic  data  for  agricultural  flood  damage  assessments,  optimal 
sizing  of  additional  gravity  outlets  and  pumping  facility  capacities,  and 
selection  of  pump  operating  criteria.  Data  requirements  and  hydrologic 
analysis  procedures  used  in  the  plan  formulation  portion  of  the  study  are 
described  in  paragraph  4-5  Period-of-Record  Methods  and  shown  schemacically  on 
Figure  4.2. 

b.  Per iod-of -record  analysis  procedures  are  applicable  because  of  the 
availability  of  long-term  precipitation  and  exterior  stage  data,  the 
agricultural  nature  of  flood  damage,  and  the  simplistic  nature  of  the  interior 
drainage  pattern  at  the  major  damage  center.  Flood  damage  evaluations  may  be 
computed  directly  from  each  historic  event  by  accounting  for  season, 
magnitude,  and  duration  of  the  event.  Annual  pump  operation  times  may  also  be 
directly  calculated. 
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e.  Th«  p«riod-of->racord  analysis  is  parfonud  for  with  and  without 
proposad  ioprovasMnt  for  axiatins  and  futura  conditions.  Tha  existing 
condition  miniaum  facility  (rafarance  paragraph  is  assumed  as  the  gravity 

outlet  presently  in  place.  Tha  focnulation  strategy  involves  initial 
evaluations  of  additional  gravity  outlet  capacity  (ultimately  found  not 
faasibla)  and  subsequent  analysis  of  various  pumping  facility  sizes.  A 
pariod-of-reeord  aasesssMnt  is  performed  for  the  existing  conditions  without  a 
proposed  improvwMnt  project,  and  for  each  gravity  outlet  and  pumping  facility 
size.  Since  no  change  in  the  agricultural  area  is  projected  throughout  the 
project  life,  future  hydrologic  conditions  are  the  sane  as  existing  conditions. 

Bl-4 .  HvdroloKic  toalvsis  Methods. 

**  General .  Analysis  of  the  interior  area  is  based  on  data  requirements 
for  period-of-rocord  precipitation-runoff  response  parameters,  ponding  area 
geometry,  seepage,  overflow  runoff  into  the  study  area,  gravity  outlet  and 
punning  capabities,  and  exterior  stage  conditions.  Calculations  involving 
these  parameters  are  performed  at  24-hour  intervals  for  the  SO-year  period-of- 
record  selected  for  analysis.  Interior  hydrographs  are  subsequently  generated 
and  routed  through  the  lioe-of -protection.  The  resulting  interior 
stage-hydrographs  are  used  in  damage  calculations.  The  formulation  strategy 
analyzed  several  sizes  of  gravity  outlets  and  pumping  station  capacity. 

b.  Historic  River  State  Data.  Historic  river  stage  data  are  required  at 
the  gravity  outlet  and  proposed  pumping  facility  location  (river  mile  471.9) 
to  perform  the  period-of-record  coincident  routings  through  the  line-of- 
protection.  The  period-of-record  stage  data  are  developed  from  the  historic 
record  of  the  nearby  streamgage  (river  mile  482.7)  using  a  river  transfer 
relationship  (Table  BI.l).  The  transfer  relationship  is  derived  by 
determination  of  differences  in  elevations  of  similar  water  surface  profiles 
between  the  two  Locations 


Table  81. I 

Siver  elevation  Adjustment 
Belationship 


Elevation  at 
River  Gage 
Hile  482.7 


Elevation  at 
Interior  Pond 
Gravity  Outlet 
River  Mila  471.9 


368.0 

361.2 

370.0 

363.1 

372.0 

365.1 

374.0 

367.0 

376.0 

369.0 

378.0 

370.9 

380.0 

372.7 

390.0 

382.2 

400.0 

391.8 
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e.  Preeinitation  Data.  A  daily  tim  interval  was  selected  as  appropriate 
for  this  per lod-of- record  analysis.  Beview  of  exterior  stage  and  daily 
precipitation  records  obtained  on  aagnetic  tape  fron  the  U.S.  Geological 
Service  and  Vational  Heather  Service,  respectively,  indicate  an  analysis 
period  of  up  to  SO-years  aay  be  used.  This  period»of -record  length  is 
considered  adequate  for  the  agricultural  study  area.  Daily  rainfall  values 
were  obtained  from  Vational  Heather  Service  data  at  three  nearby  raingages  and 
used  to  develop  a  rainfall  distribution  pattern  for  the  study  area.  This  is 
accomplished  by  weighting  the  respective  contribution  of  each  raingage  based 
on  the  distance  of  the  gage  from  the  center  of  the  study  area. 

d.  Rainfall-Bunoff  Analysis.  The  daily  time  interval  and  interest  in 
voluaie  (instead  of  peak  flow)  of  inflow  into  the  interior  ponding  area  enables 
the  adoption  of  a  simplified  rainfall-runoff  analysis  procedure.  The 
generated  daily  precipitation  data  for  the  study  area  is  adjusted  by  seasonal 
loss  factors  to  obtain  rainfall  excess  (Table  B1.2).  The  excess  values  are 
multiplied  by  the  drainage  area  to  obtain  the  volume  of  inflow  into  the 
interior  ponding  area.  Channel  routing  is  not  required  due  to  the  small  basin 
and  daily  time  interval  of  analysis. 

Table  B1.2 

Seasonal  Runoff  Factors 
for  Rainfall  Excess  Calculations 


Season  Factor 

Winter  (Dec  -  Feb)  .55 

Spring  (Mar  -  May)  .73 

Summer  (Jun  -  Aug)  .65 

Fall  (Oct  -  Vov)  .70 


e.  Seepage.  A  secondary  inflow  into  the  ponding  area  is  seepage  which 
occurs  through  or  under  the  line-of -protection  during  high  exterior  river 
stages.  A  relationship  of  seepage  rate  versus  the  differential  head  between 
the  interior  pond  and  exterior  river  stage  is  estimated  based  on  pumping  tests 
of  interior  relief  wells  installed  for  Levee  stability  and  estimates  by 
foundation  engineers  obtained  from  similar  studies.  The  total  seepage 
includes  inflow  adjacent  to  the  levee,  beyond  the  levee,  and  from  relief 
wells.  A  one  day  lag  time  is  used  to  simulate  estimated  transmission  rates. 
Figure  B1.2  shows  the  seepage  rate  versus  head  relationship. 

f.  Overflow.  The  rating  curve  developed  to  characterize  the  overflow  of 
water  from  the  study  area  into  adjacent  areas  is  shown  on  Figure  B1.3.  The 
relationship  is  based  on  a  normal  depth  rating  curve  for  the  cross-section 
overflow  areas. 

g.  Interior  System  Characteristics.  The  physical  characteristics  of  the 
interior  system  defined  for  the  analysis  are  the  ponding  area,  conveyance 
ditch  systems,  gravity  outlets,  and  pumping  stations.  Their  locations  are 
shown  on  Figure  BL.l. 
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Day-second-feeC  (DSF)  •>  1  cubic-fooC  per  second  for  24  hours 
FIGURE  Bl.2  Head  vs.  Interior  Seepage  Relationship 
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(1)  PondinK  Ar»a.  Th«  interior  pondins  area  ia  adjacent  to  the 
Line-of'protection  at  the  suavity  outlet  and  proposed  pumpins  facility 
location.  The  aain  ditch  flotn  into  the  ponding  area.  The  area  is  defined 
for  analysis  by  an  elevation-storage  relationship  shown  in  Figure  Cl. 3.  The 
aajor  dasuige  to  crops  in  the  interior  area  occurs  from  ponding  in  this  area. 

(2)  Conveyance .  The  seta 11  lateral  interior  ditches  flow  into  the  nain 
channel  of  the  interior  system  which  conveys  flood  waters  to  the  ponding 
area.  Inflow  to  the  ponding  area  Is  governed  by  the  conveyance  capacity  of 
the  channel.  Figure  B1.4  shows  the  channel  inflow  rating  curve  (elevation- 
discharge  relationship).  The  inflow  is  dependent  on  tha  elevation  of  the 
ponding  area. 

(3)  Gravity  Outlets.  The  double  60  inch  gravity  outlet  conveys  water 
from  the  ponding  area  through  the  line-of-protection.  The  outlets  function 
only  for  a  positive  head  conditions  (interior  pond  elevations  are  higher  than 
the  exterior  river  elevation).  The  gravity  outlet  rating  functions  are 
plotted  for  a  range  of  possible  flow  conditions  associated  with  ponding  area 
and  river  elevations.  Figure  Bl.S  shorn  the  rating  function  for  the  double  60 
inch  gravity  outlet  in  the  study  area. 

(4)  PumpinK  FaclLities.  Alternative  pumping  facility  capacities  are 
analyzed  as  part  of  the  feasibility  study.  The  pump  location  is  adjacent  to 
the  ponding  area.  The  puaip  head-capacity  relationship  is  based  on  infocsiation 
supplied  by  pump  manufacturers  (Table  B1.3).  Pump  start  and  stop  elevations 
are  based  on  the  proposed  plan  of  operation. 


Table  BI.3 

Pumping  Facility  Criteria 
(75  efs  Pximp) 


Head 

Efficiency 

(Feet) 

(Percent) 

0 

100 

10 

100 

15 

97 

20 

93 

25 

88 

30 

80 

35 

50 

Start  Pump 

Elevation  348.0 

Stop  Punp 

Elevation  346 .5 

h.  Interior  Ponding  Routing.  The  result  of  the  period-of-record  analysis 
is  a  continuous  stage  hydrograph  of  the  ponding  area  adjacent  to  the  gravity 
outlets  and  proposed  pumping  facility.  The  routing  is  performed  by  balancing 
the  Inflow,  outflow,  and  ponding  level  for  each  day  of  the  period  of  record. 
Inflow  may  occur  from  rainfall  runoff,  seepage,  and  overflow  from  the  Olson 
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Oay-sceond-feeC  (DSF)  *  I  cublc-fooc  per  second  for  24  hours 
FIGURE  Bl.4  Interior  Area  Ditch  Rating  Curve 


FIGURE  81.5  Gravity  Outlet  Rating  Curve 
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Pondins  Orainas*  and  Leva*  Districts.  Outflow  may  result  from  gravity 
outlets,  %fhan  the  exterior  river  elevations  are  lower  than  the  interior 
ponding  stage,  and  from  ptimping.  The  volume  of  inflow  that  exceeds  outflow  is 
stored  in  the  ponding  area. 

The  period-of-record  interior  ponding  stage  nay  he  estimated  using  the 
follotring  procedure: 

(1)  Calculate  runoff,  seepage,  and  overflow  inflow  into  the  ponding  area 
and  add  the  total  volume  to  the  present  storage  to  determine  highest  possible 
ponding  level; 

(2)  Calculate  the  naxinum  outflow  (based  on  physical  constraints)  to 
detecsdne  the  lotMst  possible  pond  level  for  the  period; 

(3)  Assume  a  ponding  level  within  the  range  possible; 

(4)  Calculate  outflow  based  on  interior  and  exterior  stage  conditons  and 
associated  gravity  outflow  and  punping  capacities; 

(5)  Seiterate  steps  (3)  to  (4)  for  successive  ponding  level  approximation 
until  the  end-of-period  storage  from  two  successive  iterations  varies  by  less 
than  a  specified  tolerance; 

(6)  Continue  steps  (1)  through  <S)  for  the  next  time  interval  until  the 
entire  period-of-record  is  analyzed;  and 

(7)  Sepeat  steps  (1)  through  (6)  for  other  alternatives. 

The  Interior  analysis  procedure  may  be  performed  using  a  computer  program 
to  simulate  Interior  inflotrs,  interior  stage  conditions,  and  hydrograpb 
routings  through  the  line-of-protection.  Table  BI.4  shotis  an  example 
computation  sequence  for  the  8-17  May  1973  portion  of  the  SO-year  period-of- 
record.  The  procedure  is  repeated  for  each  time  interval  for  the  entire 
record.  The  computer  simulation  model  enables  several  alternatives  of  gravity 
outlets  and  pumping  facility  sizes  to  be  analyzed  in  a  single  computer  cun. 

i.  Calibration  Procedure.  The  period-of-record  hydrologic  simulation 
model  is  calibrated  to  historic  high  water  marks  and  the  observed  frequency  of 
flooding  at  roads,  bridges,  structures.  Landmarks  located  in  the  ponding  area. 
Adjustments  are  made  to  the  initial  runoff  loss  rate  paraioeters  and  lag  time 
to  calibrate  the  results  (peak  stages  and  runoff  volumes)  to  the  observed  data. 

Bl-5 .  Summary. 

a.  The  period-of-record  method  of  analyzing  the  coincident  interior 
flooding  of  leveed  or  walled  areas  simulates  the  physical  process  of  inflow, 
outflow,  and  ponding  area  storage  and  outflow  over  time.  The  procedure  is 
especially  applicable  to  analysis  of  interior  systems  where  the  primary 
concern  is  at  a  ponding  area  adjacent  to  the  line-of-proteetion. 
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Table  81.4 


Period-^«-Rtcord  Oiily  Analysis  Exanple 
(S-n  nay  1973  Portion  of  SO-Ytar  Record) 


Ponding  Area  XnfloM  Into  Outflow  Froi 


Date 

Rainfall 

Exetss 

(Inciias) 

Ritwr 

Elavation 

(NVGO) 

Rraa-'-Caoaei  tv  Data 

Hondlna  Araa 

Pondina  Araa  _ 

Elav 

(WGO) 

Ana 

(Aem) 

Storaga 

(0SF1__ 

Runoff 

(BSa 

SaaiMfla  OMrflow 
(DSF) _ (DSF) 

Gravity 

(0SF1 

Piap 

(OSF) 

Owarfla 

(OSFL 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

8  Hay  1973 

.01 

370.8 

358.9 

675 

746 

2 

25 

0 

0 

72 

0 

9  Hay  1973 

.32 

371.5 

359.0 

715 

785 

85 

25 

0 

0 

71 

0 

10  nay  1973 

.82 

371.S 

359.3 

889 

958 

216 

28 

0 

0 

71 

0 

11  Hay  1973 

.01 

371.8 

359.2 

846 

916 

2 

27 

0 

0 

71 

0 

12  Hay  1973 

0 

372.0 

359.2 

804 

874 

0 

29 

0 

0 

71 

0 

13  Hay  1973 

0 

372.0 

359.1 

762 

832 

0 

30 

0 

0 

71 

0 

14  nay  1973 

0 

371.8 

359.0 

721 

791 

0 

30 

0 

0 

71 

0 

IS  nay  1973 

0 

371. S 

358.9 

679 

749 

0 

30 

0 

0 

71 

0 

16  nay  1973 

0 

371.3 

358.9 

636 

707 

0 

29 

0 

0 

71 

0 

17  nay  1973 

0 

370.5 

358.8 

554 

663 

0 

28 

0 

0 

71 

0 

(1)  Calculation  time  interval  (24  hours  shown  as  a  date)  of  the  per iod-of -record  used  for  analysis; 

(2)  Rainfall  excess  over  study  area  detemined  by  subtracting  losses  from  the  rainfall  value 
associated  with  each  time  interval; 

(3)  River  elevation  at  the  gravity  outlet; 

(4)  Interior  ponding  elevation  for  time  period  determined  by  balancing  inflow,  outflow  and  storage  of 
the  ponding  area; 

(5)  Area  flooded  associated  with  interior  ponding  elevation; 

(6)  Storage  associated  with  interior  ponding  elevation; 

(7)  Volune  of  interior  inflow  to  ponding  area  resulting  from  rainfall  excess; 

(8)  Voltm  of  seepage  inflow  to  ponding  area; 

(9)  Volune  of  overflow  from  adjacent  areas  into  study  area; 

(10)  Volume  of  gravity  outflow  from  ponding  area; 

(11)  Volune  of  flood  water  evacuated  from  interior  ponding  area  by  pumping;  and 

(12)  Volume  of  flood  water  which  overflows  from  study  ponding  area  into  adjacent  area. 

MOTE:  Oay-Second-feet  (OSF)  *  1  cubic  feet  per  second  (cfs)  for  24  hours. 
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b.  th«  •xaoplA  d«aerib«d  h*r«  is  typical  of  a  sicisla  pond  analyst  for  an 
asrieulturai  area  adjaeant  to  tha  Lina-of-protaetien.  Bxtarior  stagas  ara 
dataminad  by  transfar  of  a  historic  raeord  froa  a  lUMurby  straaagaga.  Tha 
runoff  aixalysis  is  graatly  siaplifiad  and  usas  a  daily  tisa  intarval  but  is 
suffieiantly  aeeurata  for  tha  voluaa  accounting  raquirad  for  this  area.  Othar 
inflow  siaulatod  ara  ovarflow  froa  adjaeant  intarior  araas  (avaluatad 
saparataly)  and  saapaga.  Critaria  for  operating  gravity  and  pumping  outflow 
ara  dapandant  on  tha  diffarantial  interior  and  exterior  stagas. 

e.  Tha  flood  loas  reduction  moasura  fomulation  process  requires  analysis 
of  various  sizes  of  gravity  outlets  and  pumping  faeilitias.  Altamativa 
gravity  outlet  invert  elevations  and  pump  on-off  operation  conditions  ara  also 
avaluatad.  Those  assassmants  raquira  additional  analyses  of  tha  altamativas 
for  tha  pariod-of-racord. 
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EXHIBIT  B2 

HULtlPUe  DISCHSTB  BVEHTS 


B2-1.  Purpose, 

This  sxhihit  deseribss  a  ease  exan^Ie  of  the  nultipLe  discrete  event 
analysis  procedure  for  perfocmins  hydrolosic  studies  of  a  leveed  interior 
area.  The  exaaqple  enphasizes  developnent  of  a  diseharse-frequency 
relationship  for  flood  danage  evaluation  requirements  of  a  feasibility  study. 
The  reader  should  be  familiar  with  the  material  in  paragraph  4*6  prior  to 
studying  this  example. 

B2-2.  General  Study  Baeteround. 

a.  The  Corps  of  Engineers  is  performing  a  feasibility  investigation  of 
flood  loss  reduction  measures  of  the  Kartgrove  Drainage  and  Levee  District. 

The  area  is  primarily  agricultural*  but  also  includes  the  connunity  of  Wilson 
Grove  located  adjacent  to  the  line-of-protection  (see  Figure  B2.1).  The 
drainage  and  levee  district  is  protected  from  direct  flooding  of  the  Smith 
Stiver  to  a  2-percent  chance  exceedance  frequency  event  by  a  main  levee  and  two 
tie  back  levees  (see  Figure  B2.1}.  A  single  54  inch  diameter  gravity  outlet 
enables  evacuation  of  interior  floodwaters  through  the  line-of-proteetion 
during  low  river  stages. 

b.  The  Interior  conveyance  system  consists  of  a  complex  network  of 
lateral  ditches  connected  to  the  main  interior  ditch  which  flows  to  the 
gravity  outlet.  Interior  flooding  along  the  lateral  and  main  ditches  is 
common  when  the  gravity  outlet  is  blocked  by  high  river  stages.  Seepage  also 
contributes  to  the  interior  flooding  adjacent  to  the  levee  during  prolonged 
high  river  stages. 

B2-3.  Study  Strategy . 

a.  Reconnaissance  level  investigations  found  that  significant  flood 
damage  potential  exists  in  the  Hartgrove  Drainage  and  Levee  District  and  that 
a  survey  study  is  justified  to  investigate  alternative  flood  loss  reduction 
plans.  These  plans  include  combinations  of  modifications  to  ditches* 
channels,  and  gravity  outlets,  and  the  installation  of  pumping  facilities. 
Multiple  discrete  event  analysis  procedures  are  used  to  generate  hydrologic 
data  for  both  agricultural  and  urban  (Wilson  Grove)  flood  damage  evaluations* 
optimal  sizing  of  additional  gravity  outlets  and  pumping  capacities,  and 
selection  of  pump  operation  criteria.  ROTE:  Only  the  procedures  required  to 
develop  the  existing  condition  discharge-frequency  relationship  for  Wilson 
Grove  are  described.  Data  requirements  and  hydrologic  analysis  procedures 
used  in  the  plan  formulation  portion  of  the  study  process  are  described  in 
paragraph  4-6  Multiple  Discrete  Event  Methods,  and  schematically  depicted  in 

Figure  A. 4, 

b.  The  multiple  discrete  event  analysis  is  performed  for  with  and  without 
existing  and  future  conditions.  The  existing  condition  minimum  facility 


B-13 


EM  1110-2-1413 
15  Jan  87 


FIGURE  8  2.1  Study  Area  Map 
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Crvferene*  paragraph  3-2)  is  assumed  as  the  gravity  outlet  presently  in  place. 
Ttie  foraulation  strategy  involves  tlie  analysis  of  additional  gravity  outlets 
and  a  range  of  pumping  capacities.  The  feasibility  of  increased  ditch 
conveyance  is  analyzed  for  flood  damage  reduction  and  to  ensure  proper  voluste 
of  flood  eaters  reach  the  proposed  pumping  plant.  A  series  of  multiple 
discrete  events  mere  analyzed  for  eaclsting  with  and  without  project  conditions. 

c.  The  hydrologic  analysis  strategy  for  developing  discharge-frequency 
relationships  for  evaluation  of  flood  loss  reduction  measures  for  Uilson  Grove 

is: 


(1)  Obtain  historic  rainfall  and  runoff  (discharge  and  elevation)  data 
for  important  events. 

(2)  Analyze  interior  flood  events  associated  with  blocked  or  partially 
blocked  gravity  outlet  conditions, 

(3)  Analyze  historic  interior  flood  events  associated  with  unblocked 
gravity  outlet  conditions, 

(4)  Develop  annd  combine  the  discharge-frequency  relationships  resulting 
from  (2)  and  (3)  using  the  joint  probability  theorem,  and 

(5)  Analyze  project  proposal  impacts  on  the  hydrologic  systems  repeating 
steps  (2)  and  (4). 


B2-4 .  HvdroloKie  Analysis  Methods. 

a.  General .  Analysis  of  the  interior  area  is  performed  based  on  data 
requirements  for  runoff  response  parameters,  ponding  area  geometry,  seepage, 
gravity  outlet  and  pumping  capacities,  and  exterior  river  stage  conditions. 
Calculations  are  made  for  both  the  blocked  and  unblocked  gravity  outlet 
conditions.  Bunoff  hydrographs  are  developed,  combined,  and  routed  throughout 
the  Interior  system,  and  ultimately  through  the  line-of-protection.  The 
Uilson  Grove  urban  damage  at  the  gravity  outlet  is  calculated  using  a 
discharge-frequency  relationship  developed  from  the  joint  probability  theorem 
for  blocked  and  unblocked  conditions.  The  hydrologic  analysis  strategy  is 
perfocned  for  the  with  and  trithout  existing  and  future  project  conditions 
evaluations. 

b.  Hiah  Exterior  Stage  Analysis.  Historic  river  records  of  stage- 
discharge  relationships  are  used  to  identify  exterior  events  that  might  close 
the  gravity  outlet  and  therefore  potentially  produce  interior  flooding.  The 
data  were  obtained  from  a  nearby  streamgage  and  transferred  to  the  gravity 
outlet  location  by  adjusting  for  the  slope  in  the  profile.  The  Smith  Siver 
stage  data  were  obtained  for  the  period  of  1934  through  1976.  Thirteen  events 
were  identifi<Kl  as  exceeding  the  normal  gravity  outlet  closure  stage  (no 
interior  runoff  flooding) .  The  events  included  all  major  river  floods  in  the 
period-of-record.  Table  B2.1  lists  pertinent  data  associated  with  each  of  the 
events . 
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Table  B2.I 
Kish  Exterior  Stages 
Maxiim  Sodth  Elver  Flood  Events 
(Period-of-Reeord  1934  Through  1976) 


Beginning 
Date  of 
Flood  Event 

Duration 

In 

Davs  (1) 

Peak  «.  S.  Elevation 
at  Gravitv  Outlet 

Stage  (ft)  Elev.  (HVGD) _ 

Total 

Interior 

Bainfall 

(Inches) 

1. 

2  Ear  1973 

131 

45.6 

350.4 

37.82 

2. 

13  Jun  1969 

42 

39.2 

344.0 

3.34 

3a 

15  Ear  1962 

62 

36.2 

341  a  0 

6.43 

4. 

6  Eay  1961 

27 

39.5 

344.3 

8.62 

5. 

30  Ear  1960 

84 

38a4 

343.2 

7.79 

6. 

12  Ear  1952 

81 

38.3 

343.1 

13.86 

7. 

6  Jun  1951 

61 

41.8 

346  a  6 

8.23 

8. 

21  Ear  1948 

38 

37.8 

342.6 

8.63 

9. 

27  Eay  1947 

108 

41.8 

346.6 

6.86 

10. 

5  Ear  1945 

122 

38.7 

343.5 

20.48 

11. 

12  Apr  1944 

99 

42.8 

347.6 

15.26 

12. 

9  May  1943 

76 

42.4 

347.2 

15.67 

13. 

5  Eay  1935 

79 

36.4 

341.2 

17.62 

(1)  Days  above  gravity  outlet  closure  stage.  Closure  stage  corresponds  to 
the  river  elevation  that  would  result  in  interior  damage  if  outlet  was  open 
and  no  interior  cunoff  flooding  was  occurring  simultaneously. 


c.  Interior  toinfall  toalvsia.  Interior  rainfall  analysis  is  perfocned 
for  two  conditions.  The  first  includes  estimating  the  historic  rainfall 
coinciding  with  the  13  exterior  flood  events.  The  daily  totals  are  shown  in 
Table  B2.1.  Daily  totals  are  used  due  to  the  long  duration  of  river  flooding 
and  lack  of  hourly  records  until  1948.  The  second  condition  is  intense 
historic  rainfall  periods  (over  a  specified  duration)  that  might  induce 
flooding  during  unblocked  or  low  exterior  river  conditions,  k  seven  day 
duration  t#as  adopted  to  insure  sufficient  runoff  timing  and  volumes  throughout 
the  interior.  Inspection  of  three  nearby  recording  rain  gages  found  12  stom 
events  of  sufficient  intensity  to  cause  potential  flooding  and  damage  to  the 
interior  area.  Table  B2.2  lists  the  rainfall  data  associated  with  these  12 
events.  A  period-of -record  from  1948  to  1974  is  adopted  since  a  6-hour  time 
interval  of  analysis  meets  the  appropriate  hydrologic  analysis  requirements 
for  the  interior  analysis  during  unblocked  gravity  outlet  conditions. 
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Hixinwi  7-Day  BaLnfall 
(Pariod-of  Baeocd  1948-1974) 


total  Stoeoi  Praeipitation 


Data  of  _ Maaauraaanta  in  Inehas 


Beginning 
of  Storm 

(2) 

Rainftaxe  1 

(3) 

Raingage  2 

(3) 

Raingage 

le 

21 

Jan  1949 

8.51 

5.29 

5.12 

2. 

2 

Oct  1949 

5.62 

6.05 

6.13 

3e 

1 

Jan  1950 

8.01 

6.47 

6.89 

4. 

12 

Aug  1950 

2.61 

5.84 

6.60 

5. 

9 

Aug  1952 

7.64 

4.89 

2.18 

6. 

16 

Hay  1957 

5.96 

6.20 

10.47 

7. 

10 

Jun  1958 

4.67 

10.03 

5.12 

8e 

16 

Jul  1958 

.98 

8.53 

8.70 

9. 

3 

Har  1964 

10.70 

9.72 

9,29 

10. 

17 

Apr  1970 

3.02 

5.35 

5.67 

11. 

15 

Apr  1972 

5.42 

7.12 

5.59 

12. 

23 

Uov  1973 

6.11 

6.63 

6.45 

(1)  Haxifflum  7-<}ay  avants  in  Hay  1961  and  Hay  1973  occurred  during  high  Smith 
River  conditions  and  are  included  in  Table  3. 

(2)  Hourly  precipitation  recorder. 

(3)  Daily  precipitation  recorder. 


d.  Rainfall-tbinoff  Analysis: 

(1)  Interior  Rainfall-runoff  analysis  is  performed  for  each  discrete  event 
associated  with  blocked  and  unblocked  gravity  outlet  conditions.  Interior 
area  subbasins  are  delineated  based  on  hydro logie/hydraulic,  flood  damage,  and 
existing  and  potential  project  locations.  Runoff  hydrographs  are  calculated 
from  the  historic  rainfall  patterns,  adopted  losses  rates,  unit  hydrograpb 
transforms,  and  base  flow  (including  seepage  conditions).  The  hydrographs  are 
subsequently  combined  and  routed  throughout  the  interior  area  to  the 
line-of-protection. 
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(2)  A  p«re«nb  Imparvlousnass  adjustmnt  is  raquired  to  rofloct  pondins 
and  aaturatad  ground  conditions  from  runoff  or  saapaga.  This  adjustaant  is 
nacassary  for  tha  13  high  rivar  floods  to  ealibrata  tha  avants  and  ganarata 
tha  appropriata  voluaa  of  nmoff.  Ho  adjustaant  is  nacassary  to  tha  12 
aaxinn  7-day  storm  floods  assoeiatad  with  tmbloekad  gravity  outlat  conditions. 

(3)  Hodifiad  Puls  proeaduras  siaulatad  flood  routings  through  both 
ehannal  and  ponding  raaehas.  Storaga-outflow  data  aca  obtained  from  water 
surface  profile  analyses,  and  araa-alavation-storaga  data  from  topographic 
maps  and  surveyed  sections. 

a.  Coincident  Flood  toalvsas. 

(1)  Flood  hydrographs  are  routed  through  tha  lavaa  by  simulating  gravity 
outflow  and/or  pumping  capacity  associated  with  tha  exterior  and  interior  head 
differential.  Tha  routings  include  the  13  blocked  and  12  unblocked  condition 
hydrographs.  The  analysis  results  provide  peak  ponding  elevations  adjacent  to 
the  lina-of -protection. 

(2)  Calibration  of  the  results  is  performed  for  the  1973  peak  stage 
information  and  by  data  received  through  extensive  interviews  with  local 
residents.  Local  residents  provide  data  on  tha  frequency  of  road  overtopping, 
ditch  and  channels  ovarf lotring  tha  banks,  and  drainage  patterns  for  the  flat 
interior  area. 

B2-5.  Existing  Without  Project  Conditions  Analysis. 

a.  Existing  conditions  elevation-frequency  relationships  are  developed 
graphically  using  peak  elevation  values  determined  from  the  interior 
analyses.  The  relationships  are  used  to  determine  elevations  and  flood 
delineations  associated  with  selected  return  interval  events.  The  functions 
are  also  applied  in  the  calculation  of  existing  conditions  expected  annual 
damage.  Table  B2.3  is  a  tabulation  of  the  peak  interior  flood  elevations,  for 
the  area  adjacent  to  the  gravity  outlet,  for  each  of  the  25  events  analyzed. 

b.  Development  of  elevation-frequency  relationships  for  the  12  mxinum 
7-day  rainfall  events,  coinciding  with  low  exterior  (unblocked)  gravity  outlet 
conditions,  is  performed  using  Ueibull's  plotting  positions.  The  peak  values 
are  arranged  in  descending  order  and  plotted  on  probability  paper  using  the 
Ueibuil's  plotting  positions.  Since  the  data  were  attained  from  the  1948-197A 
period,  the  denominator  (H)  in  the  UeibuLl  plotting  position  equation  (l/H)  s 
27. 


c.  The  peak  elevation-frequency  relationship  for  the  13  high  river  events 
are  similarly  developed,  with  the  exception  of  the  plotting  position  for  the 
1973  flood  event  and  the  length  of  record  H.  The  extreme  flood  depth  and 
duration  of  this  interior  flood  event  resulted  from  a  rare  combination  of  long 
duration  river  flooding  and  corresponding  extreme  rainfall  totals  over  the 
interior  (See  Table  B2.I).  Separate  assessments  resulted  in  an  estimated 
.1-percent  chance  exceedance  frequency  for  this  event  in  the  interior  study 
area.  Since  these  13  events  were  the  maximum  for  the  period  1934-1975  the 
Weibull  H  value  is  equal  to  43. 
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TabI*  B2.3 

exist ins  Conditions  Intorior  Analysis  Results 
(at  Gravity  Outlet) 

Hisb  Exterior  (River)  Stases 


Flood  Event 

Date 

Max.  Interior 
Mater  Surface 
Elevation  (MV60) 

Ueibull 

Flottins 

Position 

Flood  Event 

Date 

Durations  (Days) 
Above  Gravity  Outlet 
Closure  Elevation 

Har  1973 

338.2 

.1* 

Mar  1973 

164 

Har  1945 

331.3 

4.5 

Apr  1944 

100 

May  1935 

331.2 

6.8 

Mar  1952 

84 

Jun  1951 

330.8 

9.0 

May  1943 

82 

May  1943 

330.7 

11.4 

Har  1945 

80 

Jun  1969 

330.7 

13.6 

Jun  1951 

72 

May  1947 

330.4 

15.9 

May  1935 

71 

Apr  1944 

330.3 

18.2 

May  1947 

70 

Mar  1960 

330.3 

20.5 

Har  1960 

70 

Mar  1952 

330.2 

22.7 

Mar  1962 

45 

Mar  1948 

330.0 

25.0 

Mar  1948 

39 

Mar  1961 

330.0 

27.3 

Jun  1969 

38 

Mar  1962 

329.6 

29.5 

Mar  1961 

34 

*Plottins  position  adjusted  from  2.3. 


Bxistins  Conditions  Interior  Analysis  Results 
(at  Gravity  Outlet) 

Low  Exterior  (River)  Stases 


Flood  Event 
Date 

Max.  Interior 
Uater  Surface 
Elevation  (HVGD) 

Ueibull 

Plottins 

Position 

Flood  Event 
Date 

Durations  (Days) 
Above  Gravity  Outlet 
Closure  Elevation 

May  1957 

330.4 

3.6 

Jul  1958 

29 

Jul  1958 

330.3 

7.1 

Apr  1970 

28 

Ape  1970 

330.2 

10.7 

May  1957 

25 

Hov  1973 

329.6 

14.3 

Apr  1972 

23 

Jan  1950 

329.0 

17.9 

Bov  1973 

18 

Apr  1972 

329.0 

21.4 

May  1958 

18 

Mar  1964 

328.9 

25.0 

Jan  1950 

18 

Jan  1949 

328.3 

28.6' 

Mar  1964 

16 

May  1958 

328.2 

32.1 

Jan  1949 

15 

Oct  1949 

328.1 

35.7 

Aus  1952 

14 

Aus  1950 

328.0 

39.3 

Aus  1950 

14 

Aus  1952 

327.3 

42.9 

Oct  1949 

12 
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d.  TIm  rcsultins  two  el«vation>fr«quMiey  relationships  are  eoabined  by  usins 
the  total  probability  theorem  for  a  partial  series.  Table  B2.4  shows  the 
total  elevation-frequency  relationship  for  the  interior  ponding  area  adjacent 
to  the  levee  at  the  gravity  outlet. 


Table  B2.4 

Existing  Conditions  Elevation-Frequency  Belatlonship 
Probability  of  Interior  Floodlna 


Elevation 

High  Elver 
P(A) 

low  Elver 
P(B) 

ToUl 

Probabillty(l) 

%  Chance 

Exceedance 

Frecueney 

329 

.600 

.200 

.800 

80.0 

330 

.250 

.060 

.310 

31.0 

331 

.080 

.010 

.090 

9.0 

332 

.030 

.001 

.031 

3.1 

333 

.016 

.000 

.016 

1.6 

334 

.007 

.000 

.007 

.7 

335 

.004 

.000 

.004 

.4 

336 

.002 

.000 

.002 

.2 

337 

.001 

.000 

.001 

.1 

338 

.001 

.000 

.001 

.1 

(1)  P<A)  +  P(B) 


B2-6 .  Evaluation  of  Alternatives. 

a.  Feasibility  assessments  of  flood  loss  reduction  measures  are  perfomed 
for  with  and  without  existing  and  future  project  condition  analyses  using  the 
basic  strategy  presented  in  paragraph  3-3.  Addlcional  gravity  outlet  capacity 
is  evaluated  as  the  initial  step  in  the  feasibility  phase  of  the  investi¬ 
gation.  The  hydrologic/hydraulic  evaluations,  including  development  of 
revised  elevation-frequency  relationships,  are  performed  as  described  for 
existing  conditions  except  the  additional  gravity  outlet  capacity  is  assumed 
in  place.  The  economic  evaluation  shows  the  maximum  net  benefits  are  obtained 
with  the  addition  of  two  60-inch  gravity  outlets  through  the  line-of- 
protection  at  the  existing  outlet  location. 
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b.  Th*  •xistlns  «nd  additional  gravity  outlats  are  adopted  for  the 
puopins  eapacity  feaaibility  assesanents.  BvaLuationa  of  punpins  plant  sizes 
of  SO-,  100- ,  200-,  and  500-  efs  ere  perfonned  for  the  feasibility 
evaluations.  MaviBam  uater  surface  elevations  are  calculated  for  each  of  the 
2S  historic  events  as  described  for  existing  conditions  analyses,  the 
econonic  results  indicate  the  optisun  size  puaving  plant  to  be  100  efs. 
Puaping  tisws,  for  operation  costs  analyses,  are  obtained  by  averagins  the 
annual  values  for  the  period-of-roeord. 

e.  the  feasibility  assessaent  of  other  flood  loss  reduction  neasures  taay 
be  perfoenad  assuaing  both  the  optioua  size  gravity  outlet  and  puaping 
facility  in  place.  Additional  lateral  channels  and  ditches  are  also  required 
to  reduce  flood  danage  and  convey  flood  waters  to  the  puaping  plant. 


B2-7.  Sunaarv. 

The  aultiple  discrete  event  aathod  provides  several  options  of  analysis. 

A  period-of-reeord  aay  be  evaluated  in  a  conventional  manner  using  only  those 
events  that  contribute  to  the  flood  problen  and  solution.  This  may 
significantly  reduce  the  data  processing  and  calibration  tasks.  The  analysis 
of  discrete  events  also  makes  available  other  single  event  analytical  tools 
which  typically  enable  evaluation  of  more  complex  hydrologic  systems  than 
those  designed  for  period-of-record.  Flood  damage  evaluations  may  be 
performed  by  event  (Mst  common  for  agricultural  areas)  or  by  development  of 
exceedance  frequency  relationships  as  demonstrated  in  this  example. 
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EXHIBIT  B3 

COXHCIDEHT  FBEQUEHCY 


B3--1.  Purpose .  this  exhibit  describes  e  esse  exaaple  of  the  coincident 
frequency  nethod  of  perfocming  hydrologic  studies  for  a  leveed  interior  area. 
The  exaatple  eophasizes  calculation  concepts  of  the  nethod  in  a  feasibility 
study  setting.  Two  flood  seasons  are  analyzed  to  denonatrate  nethods  of 
combining  seasonal  frequency  relationships  using  the  total  probability 
theoren.  Calculation  examples  are  limited  to  existing  without  project 
conditions  analysis.  The  reader  should  be  familiar  with  the  material  in 
paragraph  4-8,  Coincident  Frequency  Methods,  prior  to  studying  this  example. 

B3-2.  general  Study  Background. 

a.  The  Corps  of  Engineers  is  performing  a  planning  feasibility  study  of 
the  leveed  interior  area.  The  study  area  is  the  flood  plain  portion  of  an 
urban  area  along  the  Smith  River  which  encompasses  S.2  square  miles  and  is 
protected  from  direct  river  flooding  to  the  Standard  Project  flood  protection 
level.  The  study  area  is  heavily  developed  with  both  manufacturing  and 
commercial  businesses  (see  Figure  B3.1). 

b.  The  interior  area  has  a  maximum  water  course  length  of  3.6  miles  with 
an  estimated  intperviousness  factor  of  3S  percent.  The  interior  topography 
slopes  gently  to  the  river.  An  existing  54  inch  circular  gravity  outlet 
passes  interior  flood  waters  through  the  line-of-protection  for  positive  head 
differentials  with  the  Smith  River. 

c.  The  Smith  River  has  a  drainage  area  of  approximately  20,000  square 
miles  above  the  study  area.  Daily  stage  records  obtained  from  a  nearby  river 
gage  data  are  available  from  1929  to  1976.  The  mean  daily  discharge  for  the 
period  is  estimated  to  be  18,000  c.f.s. 

d.  Interior  flooding  typically  occurs  from  moderate  to  heavy  rainfall 
when  the  gravity  outlet  is  blocked  from  high  river  stages.  During  low  river 
stages  the  gravity  outlet  provides  interior  protection  up  to  a  one  percent 
chance  exceedance  frequency  event.  Existing  Interior  ponding  is  primarily 
limited  to  streets,  parking  lots,  and  a  small  amount  of  vacant  land. 
Additional  ponding  locations  ace  not  economically  and  socially  feasible. 

83-3.  Study  Strategy. 

a.  General  Procedure.  (1)  A  reconnaissance  investigation  has  found  that 
significant  damage  potential  exists  and  that  a  feasibility  study  is  justified 
to  investigate  alternative  flood  loss  reduction  plans.  These  plans  include 
combinations  of  structural  (gravity  outlets,  pumping  facilities,  and  ditches) 
and  nonstructural  (flood  proofing,  relocation,  regulations  and  flood 
warning-emergency  preparedness)  measures. 
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FIGURE  B3.1  Study  Area  Map 
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(2)  Coincident  frequency  techniques  are  used  to  generate  hydrologic  data 
for  flood  damage  evaluations,  measure  performance  appraisals,  determine  the 
optimal  sizing  of  plan  components,  and  define  the  operation  criteria  of  the 
adopted  plan.  Assessment  of  interior  and  exterior  flooding  shotrs  a  high 
degree  of  coincidence  (high  river  stages  coinciding  with  interior  rainfall- 
runoff)  betffeen  the  river  and  interior  flooding.  However,  the  dependence  of 
the  events  is  low  due  to  the  relative  size  of  the  river  drainage  area  tdth 
that  of  the  interior  study  area  (reference  table  4.1).  The  urban  damage 
potential  of  the  study  area  is  such  that  detailed  duration  and  seasonal 
analyses  is  not  needed,  the  low-dependence  of  the  interior  and  exterior 
events,  urban  flood  damage  potential,  and  simplistic  interior  hydrologic 
system  make  the  coincident  analysis  procedures  appropriate  for  this  study. 

(3)  Adopted  procedures  for  performing  existing  condition  analyses  are: 

(a)  development  of  exterior  stage  data,  (b)  rainfall-runoff  analyses  of  the 
interior  areas,  and  (c)  development  of  coincident  stage-frequency  functions, 
the  plan  focmulation  and  evaluation  strategy  involves  repeating  (a)  through 

(b)  for  each  alternative  analyzed.  Subsequent  paragraphs  detail  the 
hydrologic  analysis  procedures  used  to  develop  existing  conditions 
discharge-frequency  relationships,  two  flood  seasons  are  evaluated  to 
demonstrate  the  process  only,  and  are  not  normally  required  for  urban  damage 
analyses.  Multiple  flood  season  analysis  nay  be  required  when  flood  damage  is 
seasonally  based,  such  as  agricultural  crop  damage. 

b.  Exterior  Staze-Duration  Relationships.  (1)  Observed  river  daily  flow 
estimates  are  used  to  determine  the  flow-  and  stage-duration  relationships  at 
the  gage  location,  the  data  are  adjusted  to  the  nearby  gravity  outlet  site 
accounting  for  differences  in  slope  and  rating  curves  between  the  locations. 
Inspection  of  river  data  indicates  ttro  distinct  hydrologic  seasons:  (a)  a 
flood  season  from  April  through  June;  and  (b)  a  nonflood  season  from  July 
through  March.  Figures  B3.2,  B3.3,  and  B3.4  show  the  annual  flood  season,  and 
nonflood  season  stage-duration  relationships  for  the  river. 

(2)  Index  Stage  Values.  Exterior  index  values  (river  elevations), 
required  for  the  coincident  frequency  analysis,  are  obtained  from  the  flow 
duration  curve  for  the  river,  the  index  values  represent  the  midpoint  of  the 
stage  intervals  selected  for  the  analysis.  Figures  B3.3  and  B3.4  show  the 
flood  season  probabilities  (actually  percent  of  time  exceeded)  values  obtained 
from  the  stage-duration  relationships  for  each  river  stage  used  in  the 
analysis.  (MOTE:  Interior  analyses  involving  additional  Smith  River  stage 
values  would  result  in  better  definition  of  the  probability  intervals  and  more 
accurate  results.)  the  nonflood  season  probability  intervals  were  determined 
in  a  similar  manner  but  are  not  shown  (reference  Figure  4.7).  Table  B3.1 
shows  the  index  location  and  associated  probability  of  flooding  for  the  river. 

c.  Interior  Rainfall-Bunoff  Analysis.  (1)  The  interior  analysis 
requires  development  of  a  series  of  hypothetical  frequency  hydrographs 
associated  with  each  of  the  index  exterior  stage  conditions.  Rainfall-runoff 
parameters  are  defined  for  each  Interior  subbasin.  The  frequency  hydrographs 
are  routed  throughout  the  interior  system  to  the  gravity  outlet  location. 
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FIGURE  B 3. 2  Seasonal  Scage-Duracion  Reiacionships ’ 


B-26 


Iris 


EM  LllO-2-1413 
15  Jan  37 


FIGURE  B3*3  Flood  Season  Stage-Duration  Relationships 
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FIGURE  B3.4  Flood  Season  Stage-Duracion  RelaCionships 


PERCENT  OF  TIME  EXCEEDED 


EM  1110-2-1413 
15  Jan  87 


(2)  Rainfall  Data.  Hypothetical  preeipitation-frequeney-duration  annual 
rainfall  data  are  used  to  generate  interior  subbasin  runoff  bydrographs.  One 
hour  to  10  days  precipitation  data  are  obtained  from  national  Heather  Service 
(80AA)  Technical  publications.  A  10-day  rainfall  duration  is  used  to  generate 
runoff  hydrographs  of  appropriate  voluam  associated  with  the  potential  long 
periods  of  high  river  conditions. 

F 

(3)  Runoff  Analysis.  Rainfall  excess  patterns  for  each  subbasin  are 
calculated  from  hypothetical  frequency  storm  data  and  loss  rate  parameters. 

The  subbasin  rainfall  excess  is  transformed  to  runoff  hydrographs  at  the 
outlet  of  the  subbasin  using  a  unit  hydrograph.  A  set  of  interior  frequency 
runoff  events  (50-,  I0-,  5-,  2-,  1-,  and  .2  peremt  chance  exceedance 
frequency  assignments)  are  determined  for  each  index  river  stage.  The 
analyses  are  performed  by  season  for  existing  and  each  modified  condition. 
Approxistated  base  flow  and  seepage  inflow  values  are  added  to  each  event  based 
on  observed  interior  flow  data  and  head  differuieas  with  the  river  index 
stages,  respectively. 


Table  83. 1 

Smith  River  Index  Stage  Data 


Proportion  of  Time  Stace  Exceeded 


Stage  Interval 

Index  Stage 

Flood  Soason 

Honflood  Season 

(Feet) 

(Feet  HVGD) 

(Aoril-June) 

( Julv-Harch) 

S58-562 

560 

(Bj) 

.aioo 

.9750 

S62-565 

564 

(B,) 

.1400 

.0210 

545-567 

566 

(B,) 

.0430 

.0028 

567-569 

568 

(B,) 

.0045 

.0012 

569-571 

570 

(B,) 

.0025 

.0000 

1.0000 

1.0000 

(4)  Flood  Routinas.  Modified  Puls  routing  procedures  are  used  to 
approximate  the  flood  hydrograph  attenuation  that  occurs  through  the 
conveyance  and  natural  storage  systems  of  the  interior  area.  Gravity  outflow 
routings  are  performed  for  positive  head  differentials  between  the  interior 
and  exterior  stage  levels.  The  resulting  stage-frequency  results  are 
subsequently  calibrated  to  observe  event  flood  levels  in  the  interior  area. 

(d)  Coincident  Frequency  Analysis. 

(1)  Coincident  frequency  analysis  is  performed  to  determine  peak  interior 
water  surface  elevations  associated  with  the  river  index  stages.  Flood 
probability  values  for  Pond  A  (P(A)),  given  the  probability  (P(B))  of  the 
river  at  a  specified  stage,  are  then  calculated.  The  probability  value  P(A) 
is  termed  the  conditional  probability  of  the  interior  Pond  A. 
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(2)  Th*  conditional  probability  values  aro  subsaquantly  used  to  develop  a 
weishted  stage-freqyeney  function  for  Pond  k  for  each  season.  Tables  B3.2  and 
B3.3  show  the- coincident  probability  values,  weighted  probability  computation 
procedures  and  values,  and  total  stage-probability  (exceedance  frequency) 
relationships  of  Pond  A  for  the  flood  and  nonflood  seasons,  respectively. 

(3)  The  composite  stage-frequency  relationship  for  both  the  flood  and 
nonflood  season  is  obtained  by  combining  the  two  seasonal  functions  using  the 
total  probability  theorem.  The  total  probability  relationship  P^  for  this 
example,  a  partial  series,  is  obtained  by  the  equation  Px  «  Pd)  >  P(2}. 
where  PCI)  equals  the  flood  season  stage  probability  and  P(2)  the  nonflood 
season  probability  associated  with  the  same  stage.  For  an  annual  series 
analysis  the  total  probability  theorem  equation  is  Px  «  Pd)  P(2)  -  Pd)  a 
F(2).  The  term  PCI)  x  P(2}  represents  the  joint  probability  of  occurrences  of 
the  events.  The  numeric  values,  example  computations,  and  the  stage-frequency 
relationship  are  depicted  in  Table  B3.4. 

(4)  Similar  computation  procedures  are  required  to  develop  coincident 
stage-frequency  functions  for  existing  and  future  with  and  without  conditions 
(not  presented  herein) . 

B3-4.  Summary  and  Discussion. 

a.  The  coincident  analysis  procedure  described  is  directly  applicable  to 
areas  where  exterior  and  interior  flood  events  are  independent.  It  is  often 
useful  to  analyze  the  t%io  extreme  conditions  which  braeVeet  the  results  prior 
to  initiating  a  complete  coincident  frequency  analysis.  These  conditions  are 
d)  completely  blocked  gravity  outlets;  and  (2)  completely  open  gravity 
outlets.  The  results  of  these  basic  analyses  will  provide  insights  into 
whether  additional  studies  are  required,  the  level  of  detail  necessary  for 
additional  studies,  and  identify  potential  alternatives  to  investigate. 

b.  The  frequency  relationships  defined  by  probabilities  Fd)  and  P(2)  may 
be  either  an  annual  or  partial  series.  However,  both  frequency  relationships 
must  be  the  same  type  for  the  analyses. 
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Table  B3.2 

Oevelopneni  of  Haximum  Interior  Water  Surface 
Elevation  -  frequency  Relationships  for  Existing  Without  Project  Conditions 
(Flood  Season  ^rll  -  June) 
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lABLS  B3.4 

Bxiatins  Without  Projoet  Conditions  Staso-Probability 
(Bxeaadanea  Fraquanep)  for  Intacior  Pond  Blavation* 


Interior  Pond 
Elevation  (A) 
<Peet  BVGD) 

Flood  Season 
Interior  Pond 
Elevation  Prob 
Pi  (A) 

■onflood  Season 
Interior  Pond 
Elevation  Prob. 
PjCA) 

Total  Probability 
Interior  Pond 
Elevation  Prob. 
P<A) 

Percent 

Chance 

Exceedance 

Frequency 

S«4 

1.0000 

1.0000 

1.0000 

100.00 

S6S 

.5950 

.3858 

.9808 

98.10 

566 

.1982 

.1302 

.3284 

32.80 

567 

.0679 

.0214 

.0893 

9.00 

568 

.0093 

.0022 

.0115 

1.00 

569 

.0010 

.0002 

.0012 

.10 

570 

.0001 

.0000 

.0001 

.01 

*  Bxanpla  eoai^utation  of  total  probability  thooraa  for  Pond  k  using  water  surface 
elevation  568,  where: 

P(A)  -  Pi(A)  +  P2<A) 

«  .0093  >  .0022 


0115 


GLOSSARY  OF  TERMS 


EM  1110-2-1413 
15  Jan  87 


Ancicultural  Areas.  Lands  intandad  primaril/  for  crop  production,  pasturas, 
and  othar  sinilar  usat,  including  tha  closely  associated  facilities  of  on-farm 
roads,  fences,  ate. 

Base  Conditions.  Tha  land  use  and  related  conditions  expected  to  exist  at  the 
beginning  of  the  first  year  of  project  operation. 

Blocked  Gravity  Conditions.  Conditions  that  exist  when  exterior  stages  are 
higher  than  interior  stages,  thus  preventing  flow  of  interior  flood  waters 
through  the  gravity  outlets. 

Coincident  Probability  fFreouenev).  Probability  of  flooding  exceeding  a  given 
elevation  based  on  the  probability  of  flooding  from  each  source  of  flooding. 

Conditional  Probability  P(A/B1.  The  probability  of  flooding  from  one  source 
given  the  condition  of  flooding  from  another  source. 

Correlated.  The  degree  to  which  flooding  from  one  source  occurs  or  can  be 
predicted  from  flooding  from  another  source. 

Dependence.  The  degree  to  which  flooding  of  an  area  from  one  source  is 
related  to  (usually  in  a  physical  sense)  flooding  from  another  source. 

Detention  Storage  Areas.  Any  low  area  near  the  inlets  to  gravity  outlets, 
pumping  stations,  or  pressure  conduits  used  to  temporarily  store  interior 
flood  waters  in  excess  of  the  rate  at  which  these  flows  can  be  passed  through 
the  line-of-proteetion. 

Discrete  Events.  Flood  events  in  a  series  which  may  be  considered 
individually  since  they  are  independent  of  other  flood  events  in  the  series. 

Diversions.  Ditches  or  conduits  designed  to  bypass  flood  waters  around  or 
away  from  a  specific  area. 

Existinx  Conditions.  The  present  land  use  and  related  conditions  occurring 
under  existing  and  authorized  improvements,  laws,  and  policies. 

Exterior  Stage.  Water  surface  level  on  the  unprotected  (exterior)  side  of  the 
line-of-proteetion. 

Future  Conditions.  The  most  likely  land  use  and  related  conditions  expected 
in  the  future.  Other  conditions  than  those  deemed  the  most  likely  may  also  be 
considered  future  conditions. 

Gravity  Outlets.  Culverts,  conduits,  or  other  similar  conveyance  openings 
through  the  line-of-protection  that  permit  discharge  of  interior  floodwaters 
through  the  line-of-protection  by  gravity  when  the  exterior  stages  are 
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relatively  loti.  Gravity  outlets  are  equipped  with  gates  to  prevent  river 
flows  from  entering  the  protected  area  during  tiM  of  high  exterior  stages. 

Independence.  Flooding  of  an  area  from  one  source  is  unrelated  to  flooding 
froa  another  source. 

Interception  svatama.  Sewers  or  ditches  provided  to  connect  existing  sewers 
of  channels  discharge  through  the  line-of-protection  by  means  of  gravity 
outlets,  puaping  stations,  or  pressure  conduits. 

Interior  Sbase.  Hater  surface  Level  on  the  protected  side  of  the  line-of- 
proteetion. 

Interior  Svstaa.  Structural  and  nonstructural  flood  loss  reduction  measures 
located  behind  the  line-of-protection.  These  aeasures  may  consist  of  water 
aanagaaent  aeasures  of  gravity  outlets,  pumping  stations,  interior  detention 
storage,  diversions,  pressure  conduits,  hillside  reservoirs,  and  facility 
protection  measures  of  flood  proofing,  structure  relocation,  and  development 
aanageaent  aeasures  of  flood  plain  regulations,  and  flood  emergency 
warning-preparedness  plaxming  measures. 

Line-of-Proteetion.  Location  of  Levee  or  wall  that  prevents  flood  waters  from 
entering  an  area. 

national  Economic  Develoomant  fMEDl  Plan.  The  plan  which  maximizes  net 
national  econoadc  developaent  benefits. 

nonstructural  Measures.  Haasures  designed  to  reduce  flood  losses  by 
implementation  of  facility  flood  proofing,  raising,  or  relocation;  and 
development  regulations  and  flood  warning-emergency  preparedness  planning 
actions. 

Pressure  Conduits.  Closed  conduits  designed  to  convey  interior  flows  through 
the  line-of-protection  under  internal  pressure,  the  inlet  to  a  pressure 
conduit  that  discharges  interior  flotfs  by  force  of  gravity  must  be  at  a  higher 
elevation  than  the  river  stage  against  which  it  functions.  Some  pressure 
conduits  aay  serve  as  discharge  conduits  from  pumping  stations. 

Pusmina  Station.  Pumps  located  at  or  near  the  line-of-protection  to  discharge 
interior  flows  over  or  through  the  levees  or  flood  walls  (or  through  pressure 
lines)  when  free  outflow  through  gravity  outlets  is  prevented  by  high  exterior 
stages . 

Residual  Damage.  Flood  damage  remaining  after  implementation  of  the  flood 
loss  reduction  aeasures. 

Structural  Measures.  Measures  designed  to  reduce  flood  losses  by  construction 
of  levees,  gravity  outlets,  pumping  stations,  detention  storage,  reservoirs, 
and  diversions. 

Survey  Investigations.  Planning  studies  performed  in  response  to  specific 
Congressional  authorization  to  determine  the  feasibility  of  adopting  Federal 
projects  or  modifying  existing  projects.  The  report  is  a  decision  document' 
used  to  determine  the  desireability  of  authorization  for  a  Federal  commitment 
to  a  project. 


Glossary  2 


EM  1110-2-1413 
15  Jan  87 


Tia  Back  taw.  Lavaa  that  axtands  from  tha  rivar.  laka,  or,  coast  to  a  bluff 
lina  and  is  part  of  tha  lina-of -protection. 

Urban  Areas.  Areas  presently  or  axpactad  to  be  developed  for  residential, 
eosaareial,  or  industrial  purposes  within  tha  period  eonsidarad  in  project 
formulation. 
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